Google 



This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing tliis resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for in forming people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http: //books .google .com/I 




THE GIFT OF 



T/1 
I7'?S 



'CJO 




//% 



J^ ^/. 








' /i^wf m^ 




s. 



\. 



r 



»V 



•* 



• • 



• ■ *. ,■ 



•i 






V^. 



•4 



. .. > 



' ■ • 



K* 






S/ 



r ' 






• J 



'« • • • > 






.• • 



J • 



« .*- 




TREATISE 







WHICH IS DEMONSTRATED 



^y FRaM ITS FIRST PRIN.CIPLES^* 



WHEREIN 

EVERY THING THA.T IS USEFUL AND CURIOUS 
IN THAT ART IS FULLY CONSIDERED AND 

EXPLAINED; 

PARTICULARLr, 

Four new and very concife Methods to determine the Areas of 

Right-lined Figures Arithmetically, or by Calculation, as 

well as the Geometrical ones heretofore treated of; 

vrith two other new Geometrical Methods much 

more accurate and ready than any of the 

former, never before made public. 

ALSO, 

^he Method of Tracing Defaced Mearings from the 

Dowfty or any. other ^ Survey y 

Very ufeful to Perfons who have any Property in 

Land, to Lawyers in controverted Surveys, 

and to Pra£lical Surveyors. 

The whole illuftrated with Coppers-plates. 
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T H E R } G H T HONOURABLE 



THOMAS GARTER, Efq; 
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Master of the B.OLLS, tic. &q. 



6 I R, 



T 



H E great Knowledge Yoii have 
acquired in aU Kinds of: Polite Lite- 
rature, and the Encouragement You con- 
flantly give for the Propagation of them 
in general, but rnore partjcularlf to the 
Mathematical Sciences, are Motives fufE- 
cient to direfj me to dedicate this Work 
to you. 

Panegyric, SIR, is not my Pro- 
vince, and if it were, I know I muft of- 
fend one of your extenfive Learning^ 
fhould I attempt to difplay it on this Oc« 
cafion: Yet I muft fay, that if but one 
fpurth Part of the Nobility and Gentle- 

Aa men 
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DEDICATION. 

men of opulent Fortuneis ip this King- 
dom, were of your unlimited generous 
Difpofition in encouraging Arts and Scien^r 
ces, we might in a few Years be able to 
vie with any Country whatfoever. 

That you may ' long enjoy an unin- 
terrupted State of good Health is the Wifh 
of moftj but of none niore particularly, 

than of^ 

SIR, 

■\ 
Ypur mofi obliged^ 

• mofi obedient J 

and mojh ojfured 

Humble Servant^ 

Robert Gibs on. 






•' .-J 



» ^ '»■ 



PREFACE 



TH E Word Geometry imports no more thari 
to meafure the. Earthy or to.meafure Landj 
yet in a larger and more proper Senfe, it is applied 
to ^U. Sorts of Dimenfions. It is generally fup- • 
pqfedto have had its Rife among the Egyptians^ 
from the River Nile's deflyoying and confounding 
all their Land-marks by its annual Inundations, 
which Imd them under the Neceflity of inventing 
xertain Methods and Mealures, to enable them to 
diftinguifh and adjuft the Limits of their refpec* 
live Grounds, when the Waters were withdrawn. 
And this Opinion is not entirely, to be rejefted, 
when we conlider that M^/es is faid to have ac- 
quired this Art, when he refided at the Egyptian 
Court. And Achilles Tatius in the Beginning of 
his Introdudtion to Aratus^s Phemmtnay informs us, 
that x\vt Egyptians were, the firft who meafured the 
Heavens and the Earth (and of courfe the Earth 
firft) and that their Science in this Matter, was 
engraven on Columns, and by that means delivered 
to Pofterity, 

It is a Matter of fome Wonder, that though Sur- 
veying appears to have been the firft, or at leaft 
one of the firft of the Mathematical Sciences, 
that the reft have met with much greater Improve- 
ments frgm th^ Pervs of tire moft eminent Mathe- 

maticinns, 



P R E A F C E. 

niaticians, \^l:ile this feems to have been nt^- 
glcdcd ; infomuch that I have not been able to 
meet with one Author, who has fufficiently ex- 
plained the whole Art in its Theory and Practice : 
For the moft part, it has been treated of in a prac- 
tical Manner only-; and the few who have under- 
taken the Theory, have in a great jfyjeafure omit- 
ted the Pradice. 

Thefc Confidcrations induj^ed me to attempt a 
methodical, eafy ^nd clear Courfe of Survcyij^.^ 
how far I have fucceeded in it, muft be determined 
by the impartial Reader : The Steps I have taken, 
to render the whole evident and familiar are as 
follow : 

• - » 

In Scftion the firft, you have Depmal Fraftionij,^ 
the Square Root, Geometrical Deiinitions, fqm^ 
ncceflary. Theorems and Problems ; with the-Na-f; 
ture and Ufe of the Tables of Logarithm Numr 
bcrs, Sines, Tangents, and Secants. 

The fecoyid Sedion contains Plane Trigonometry 
right angled and oblique, with its .Application in 
determining the Meafures of inacceflible Height^ 
and Diflanccs. 

The third Sedion gives an Account of the Chains 
(ind Meafurcs iifed in Oreat-Britain and Ireland, 
Methods of Surveying and of taking inacceflible 
Diftflnccs by the Chain only, with fome neceflary 
Problem,s ^ alfo a particular Defcription of the fe- 
veral Inilruments ufed in Surveying, with 'their 
refpe<5live Ulcs. 

« 

The fourth Seftion contains five various Methods 
•f finding the Areas of Maj^s, from their Geome- 

tric^il 



PREFACE. . 

tilcal Conftruftion : two of which rhore coticifc 

than the reft, were never before made public, 

\ 

The fifth Seftion contains four new, and much 
more concife Methods of determining the Areas 
of Surveys from the Field Notes, or by Calcula- 
tion than any hitherto publiftied ; and I venture to 
aflert that it is impoflible (from the Nature of right:* 
lined Figures) that any Method or Methods more 
concife than thele can be invefligated. 

To thefe Methods is annexed a fliort Table of 
Difference of Latitude and Half Departure, to^ 
:fevery Degree and Quarter of a Degree of the Qua- 
drant, the ftationary Diftance being one Chain ; 
which. will be found as ready, by a little PraAice, 
and perhaps more exaft, than thofe already pub- 
lifhed. To this is annexed a Table for reducing 
Degrees of the Circumferentor to thofe of the ^ar^ 
ier Ompafsy and the contrary ; alfo the Method 
of changing Angles of the Field, taken by 7}wg-^ 
dolite^ Seinicirckj or Bane Tabk^ to thofe from the 
Meridian ; for the greater Readinefs and Accuracy 
in Protraction, as well as to prepare them for Cal- 
culation. 

Truth calls upon me to acknowledge, that the 
Methods by Calculation, herein fet forth, got their 
Rife from thofe of the late Thomas Burghy Efq; 
who firft.difcovered an univerfal Method for deter- 
mining the Areas of right-lined Figures, and fpr 
, which he obtained a parliamentary Reward. I hope 
therefore it cannot be conftiued as an Intention in 
me to take from his great Merit, when I fay, that 
the Methods herein contained are much more con- 
cife and ready than hisw 

Sedion 
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Seftionthe fixth contains the Nature, of OfF-fets, 
and the Method of calling them up by the Pen : 
The Nature and Application of Interfedions : The 
Methods of enlarging, diminifhing, and conneding 
of Maps ; The Method of tracing defaced Mear- 

. ings from the Down for any other) Surveys : The 
Vaiiation of the Compafs by Amplitudes and Azi- 

. muths, with fome of its Ufes ; to which is added, 
a Table of the Sun's Declination : The Method of 
reducing oneMeafure to another; how to find by 
what Scale a Map is laid dowil, having the Map 
and Area given : How to find the Content of 
Ground that is furveyed by a Chain that is too long 
or too fliort : The Method of dividing Lands : 
And the whole concludes with fome neceflary Di- 
ledtionsandRemuffca on Surveys in general* 
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SECT. I. 

the Nature axd Lji ^ :•"£ Tit'£: if L:ffgn.vH 
NumlerSj Soks^ Tjxrexz:, jmiI Secjtms. 

D E F I X I T I O S, 



SUR\'EYIKG isrnaiArt which fzahticSTS v, 
g^Tc a Plan, or jjK RspraeaacioQ- ^jc mj 
Piece or Parcel cf Laod, arrd la cierjr^rrrinc ±e 
Content tbereot, ii rxh M-auxard as is it^'ts^^ 
and cuitoaiaiy lo the CoJicrr* cir Fjict vrje:r*. "Se: 
Landisu 

This Sciecce feyrA oi abry Par: df "fje Wj.- 
diema^csy ^^hich mar be tiowa 3e5*je ::« 
ueat of it, wbertfocc wc QaL iesia Triti 



DECIMAL F R A C T I O ?C : 

vided:r.:o2CVi:r:gr:esi>» jfT'-er ,c *r>' ii rit^a . ^-v 
to take any Szn'ocr 'X ^ xi\ ?irsi y:iit ir . "j/*; 
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2 DECIMAL FRACTIONS. 

The Numerator, in the Vulgar Form, is always 
wrote over the Denominator, and thefe are fepara- 

ted by a fmall Line, thus A or -/^ De^mtartor the firft 
of thefe is called 5 Twelfths, and the latter 7 
Twelfths of an Inch, Yard, Perch, iSi. or of what- 
ever the jvhole Thing originally was. 

Fractions are exprefled in two Forms, that is, ei- 
ther vulgarly or decimally. 

All Fradtions whofe Denominators do not con- 
fift of a Cypher or Cyphers fet after Unity^ are 
called vulgar ones, and their Denominators are al- 
ways wrote under their Numerators. The treating 
of thefe would be foreign to our prefent Purpofe. 
But Fraftions whofe Denominators confift of an 
Unit, prefixed to one or more Cyphers, are called 
Decimal Fradtions ; the Numerators of which are 
wrote without their Denominators, and are diftin- 
guifhed from Integers by a Point prefixed : Thus -^ 
-i^ and -i^Vo- in the Decimal Form, are exprefled 
by .2 .42 .172. 

. The Denominators of fuch Fractions always 
confifting of an Unit, prefixed to as many Cyphers 
as there are Places of Figures in the Numerators, 
it follows, that any Number of Cyphers put after 
thofe Numerators, will neither increafe or leflen 
their Value : For -^ -^ and -i Ves^ are all of the 
fame Value, and will ftand in the Decimal Form 
thus .3 .30 .3cx> ; but a Cypher or Cyhphers pre- 
fixed to thofe Numerators, leflen. their Value in a 
tenfold Proportion : For -r^ -^ and -i^V which in 
the Decimal Form we denote by .3 .03 and .003, 
are Fraftions, of which - the firft is ten Times 
greater than the fecond ; and the fecond, ten Times 
greater than the third. 

Hence it appears, that as the Value and Deno- 
mination of any Figure or Number of Figures in 
common Aritlimetic is enlarged, and becomes ten 

or 



DECIMAL FRACTIONS. j 

or a iHMidied, or ji thomaixl Times greater, by 
placing one, or two, or thnec Cyphers afrtr it ; fo 
in dedmal Arithmetic, the Value of an\ Figa'-c or 
Number of Figures, decreafes, and beo^mts tea, 
or a hundred, or a thouTar.d Times leis, "^blle *:be 
Denomination of it uicrtiaic^., and becomtsibniany 
Times greater, by prtnxir^ ':>ne^ or rwn, oar three 
Cyphers to it : And that any Nisr.ber of CvS^.t s, 
before anlnt^er, or after 2 df-c-rri:.] F-iiCiiOXi, iiave 
no Effed: in chang*ng their Vaiaes. 

Int^ers. Dccimals- 

127163 512367 

r * t* D3 n CB n IC • • - ''mmZ 

^^ ^M ^T^ «^"^ ^^ ^^ ^^ V*^^ "^M* ^^ ^Mi ^« 
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r^ r^ ^ "^ * #— ) 
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yii£ft»/ DECIMALS. 

Having placed thofe Figures wtidi are equi- 
diilant from 4ie Pcnnt, (as well Integos as Frac- 
tions) under each other, add them as if the>' ^trt 
Integers. 

Examples. 

Add 4.7832 3.2543 7.8251 6.05 2.?r-; 

and 3-251 t(^etber. Pkce them tbiB. 

4-7832 

3-2543 
7.82C1 

f a^ 

6.03 

2-857 
3-251 

Anfwer 28.0006 

B z Add 



4 DECIMAL FRAmON^: 

Add 6.2 121.306 .75 2.7 and .0607 t<H 
gether. 121.306 

•75 
2.7 ■ 

.0007 
Anfwer r 30.9567 

What is the 5um of 6.57 1.026 .75 146,^ 
8.7 526 3.97, and .0271 ? 
Anfwer 693.5431. 

What is the Sum of 4.51 146.071 ,507 .000^ 
132 62.71 .507 7.9 and .1071 j^? 

Anfwer 354.31272. 

Subtraaion of DECIMALS, 

Having placed the Figures which are ^qui-diftant 
ifrom the Point, under each other ; dedudt as if they 
were Integers. 

Examples.. ^ 

From 38.765 take 25.374|;i 
25-3741 

Anfwer 13.3909 



From 2.4 take .8473 
.8472 



From 71.45 take 8.4837248 
Anfwer 62.96627^2, 

From 
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DECIMAL FRACTIONS. $ 

From 84 take 82.341 z 
Anfwer 1.6588 

Multiplication of PECIMALS. 

Place the Multiplicand, and Multiplier, after any 
Manner under each other -, and having multiplied 
jas in whole Numbers, cut off as many Places of 
Decimals iji the Product, counting from the right 
Hand towards the left, as there are in the Multi- 
plicand, and Multiplier : But if there be not a 
fufficient Number of Places in the Produ6t the 
Defedt may be fupplied, by prefixing Cyphers 
thereto. <* 

For the Denominator of the Produft, being an 
Unit, prefixed to as many Cyphers, as the Deno- 
piinators of the Multiplier and Multiplicand contain 
of Cyphers, it follows, that the Places of Decimals 
in the Product, will be as many as in the Numbers 
froiyi whence it af ofe. 

Examples. 

Multiply 48.765 by .003609 
.003609 



^rr 



438885 
> 292590 
146295 

Anfwer .175992885 



Multiply .121 

by .14 



484 
121 

m » " ■■ ■ 



Anfwer .01694 



•i"i"*« 



Muhiply 






4. 



DECIMAL FR AUCTIONS. 

Multiply 1 21.6 by 2.76 
2.76 



7296 
8512 
2432 



•kj 






Anfwer 335.616 



Multiply .0089789 by 1085 
Anfwer 9.7421065 

Multiply .248723 by ,135^7 
Anfwer .03379399401 

Devifm ^DECIMALS, 

Having ctvided as in whole Numbers, annexing 
Cyphers to the Dividend if they be wanted ; the 
Decimal Places in the Divifor and Quotient muft 
be equal to thofe in the Dividend, and the Defedt 
fupplied by prefixing Cyphers to the Quotient. 

For the Dividend is a Product contained under the 
Divifor and Quotient ; and that Produft contains as 
many Places of Decimals as the Numbers do from 
whence it arofe : Therefore the Difference between 
the Number of Decimals in the Dividend and Divi- 
for, muft be cut off in the Quotient. 

E X A M P L E S. 

Divide .144 by. 12 
.12). 144(1. 2 

24 

Exam*' 



DECIMAL FRACTIONS. 7 

Examples. 

Divide 63.72413456922 by 2718. 
2718)63.7241 3456922002344522979 

9364 



12101 



12293 
14214 
6245 



8096 



26609 



21472 
24462 



Anfwer .02344522979 

There being 1 1 decimal Figures in the Dividend, 
and none in the Divifor, 1 1 Figures are to be cut 
off in the Quotient ; but as the Quotient itfelf con- 
fifts of but 10 Figures, we prefix to them a Cy- 
pher to compleat that Number. 

Divide 1.728 by .012 
.012)1.728(144 



52 
48 



^■Mi 



Becaufc 



",\> 



8 DECIMAL FRACTI.ONS. 

Becaufe the Number of decimal Figures in thd 
Divifor and Dividend, are alike, the Quotient will 
be Integers. 

Divide 2.00000 by 3. 141 6 
3. 141 6) 2.0000006366 1 8 

I I 5040 



i^w^ 



207920 
194240 



57440 

260240 



tm 



8912 

There being 4 decimal Figures in the Divifor, and 
10 including the Cyphers brought down in the Divi-^ 
• dend, the Difference, which is 6 Figures, to be cilt 
off in the Quotient. 

Divide 87446071 by .004387. 

Anfwer 199. 3 3. 
Divide .624672 by 48 2. 

Anfwer .001296. 
Divide 66.993548 by 27.4. 

Anfwer 2.44502. 

P. R O B. I. 

7o Reduce a Vulgar Fra£lion to a Decimal one of the fame 

Value, 

Having annexed a fuffident Number of Cyphers^ 
as Decimals, to the Numerator of the Vulgar 
Tradlion, divide by the Denominator ; and the 
Quotient thence arifing, will be the decimal Fraftion 
required. Exam- 



1* 



/* 



DECIMAL FRACTIONS. 9 

Exam p l e s. 

Reduce | to a Decimal Fradiou. 
' 4)3.00(75 Anfwer. 



20 



For I of one Shilling, Yard, Perch,. &?r. is equal 
to one Fourth of three Shillings, Yards, Perches, 
i^c. therefore if three be divided by 4, the Quotient 
will be the Anfwer. ^ 

Reduce | to a Decimal Fradtion. 
5)2.o(.4 Anfwer. 



Reduce \\ to a Decimal Fraftion. 
25)12.00(48 Anfwer. 



200 



Reduce ^-1^ to a Decimal Fraftion. 
Anfwer .1146789. 

PROS. II. 






find the Value of a Decimal Fra£lion^ in the known 

Parts of the Integer. 

Multiply the Decimal propofed into the Number 
of equal Parts contained in the Integer, and the 
Produift will be the Number of fuch Parts as are ex- 
preffed by the Fraftion. 

What is the Value of .25 of a Pound Sterling ? 

20 



Anfwer Shillings 5.00 



For 



.t 



lo DECIMAL FRACTIONS. 

For 25 or 155 of one Pound, is equal to the o^ie 
hundredth Part of 25 Pounds, pr of the Shillings 
in 25 Pounds, which are 500 ; therefore the one 
hundredth Part thereof will be 5 Shillings ; which 
is efFedted by cutting off the two Cyphers, for the 
two Decimals, by a Point. 

What is the Value of .385 of a Pound Sterling ? 

' 20 



^' 



Shillings 7.700 

12 



Pence 8.400 

* 4 

Farthings 1.600 



What is the Value of .48 of a Chain of 50 Links ? 

50 



Anfwer Links 24.0a 

What is the Value of .2864 of a Shilling ? 

12 



Pence 3.4368 

4 

Farthings 1.7472 



What is the Value of .287 of a. Pound Weight 
Troy ? 

Oz. dviX' grs. 

Anfwer 3. 8. 21. 

What 



The SQJJARE ROOT. ii 

What is the Value of .2945 of a Poiind Avoir- 
dupoife ? 

Oz. dwis. 

Anfwer 4 11 :^ , 



TheEXTRACTIONop the 
S CLU ARE ROOT. 

A Square Number is the Produft of a Number 
multiplied by itfelf ; and the Number fo mul- 
tiplied is called the Root of that Square ; thus 9 is 
the Square of 3, and 3 if the Root of 9, for 3 mul- 
tiplied by 3 is 9. 

If a Square Number he given to find its Root, 
obferve if the Number of Figures or Places in the 
given Square be odd or even, if they be odd, find 
the Root of the firft Figure, but if they be even, 
of the two firft , under which place the Square of 
that Root, and deduft, placing the Root in the 
Quotient, and bring down two Figures to the Re- 
mainder. 

Let the Double of the faid Root be made a Divi- 
for to all the Figures of that laft Remainder, except 
the laft ; put the Quotient thereof with the Root, 
or former Quotient ; and having multipled it into 
the Nun^bers fo formed, dedu£t the Product from 
the foregoing Figures or Refolvend : And in like 
Mjinher proceed, 'till all the Figures of the given 
Square are exhaufted. 

If there be any Decimals in the given Square, 
their Number muft be even or made fo, before we . 
begin to find the Root, by adding a Cypher to the 
right Hand ; and for every two Places or Decimals 
in the Square, kt one be cut off in the Root. 

C % Exam- 



12 The S.QJJARE ROOT. 

Examples. 

1. What is the Square Root of this Square 
'*^ Number 2981 1 6. 

29,81,16(546 
7 25 

104)481 
416 



1086). 6516 
6516 



Becaufe the Number of Figures in the given 
Square Number is even, we find the neareft Square 
Number to the two firft Figures 29, which is 
■ 25, the Root whereof 5, we fet in the Quotient, 
and deduft 25 from 29, and to the Refidue 4, we 
annex the following Figures 8 1 , fo we have 48 1 
for a Refolvend. 

The double of the firft Figure in the Quotient 
being 10 is then fet as a Divifor to 48, all the Fi- 
gures, in the Refolvend but the laft ; and finding 
it to be contained 4 Times, we annex the 4 to the 
♦5 Divifor and Quotient ; the then Divifor 104 is 
multiplied by the laft Figure in the Quotient 4, 
and the Produft 416 is dedufted from the Refol- 
vend 48 1 5 to the Refidue whereof is annexed the 
•V V two following Figures in the Square, fo we have 
6516 for a new Refolvend, to all which Figures 
but the laft we make 108, the double of 54, the 
Figures in the Quotient a Divifor, and finding it 
will be contjained 6 T^mes, we place 6 in the Di- 
vifor and Quotient ; the then Divifor 1086 is mul- 
tiplied by the laft Figure in the Quotient 6, and 
the Produft being fet under the Refolvend and 

thence 



The SQJJARE ROOT. 13 

thence dedufted leaves Nothing : So is 546 the 
Root fcnght. 

For if the Root ^ 546 be fqnared or multiplied y 
by 546, the ProduiSt will be the fquare Number f^ 
given. * 

2. What is the Square Root of 17 10864 ? ^ 

Root. 

1,71,08,64(1308 Anfwen 
I 



23).7i 
69 



26o8).zo864 
20864 



What is the Square Root of 3857.3 ? 

Here being an odd decimal Figure, we anner 
any odd Number of Cyphers to make the Dedmal 
Places even ; and then extrafting the Root as be- 
fore, we thence cut off half the Number of Deci- 
mals that we have in the Square. Thus^ 

Root. 

3857.300000(62.107 Anfwen 

122)257 
244 




1241)1330 
1 241 



J 24207) 890000 
869449 



.20551 

If 



♦ 



14 The S QJJ A R E ROOT. 

If to the Square of this Root we add the remain- 
ing Figures 20551, we (hall have our given Square, 
whofe Root was required. 

* 

What is the Square Root of 16007.3 104.? 
Anfwer 126.52. 

What is the Square Root of 34B.17320836? 
Anfwer 18.6594. 

What is the Square Root of 1 2345678987654321 ? 
Anfwer iiiiiiiii. 

The Application of this will hereafter be fliewn* 
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DEFINITIONS. 
Plate I. 



G 



EOMETRY is that Science wherein we 
confider the Properties of Magnitude. 



2. A Point is that which has no Parts, being of 
itfelf indivifible, as A. 

3. A Line has Length but no Breadth, as AB^ 
Figures i aad 2. 

4. The Extremities of a Line are Points, as the 
Extremities of the Line AB are the Points A and B. 
Figures i and 2. 

5. A right Line ks the Ihorteft that can be drawn 
between any two Points, as the Line AB. Fig. i . 
but if it be not the (horteft, it is then called a 
curve Line, as AB. Fig. 2. 

6. A 
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6. A Superficies or Surface is corifidered only as 
having Length and Breadth, without Thicknefs, as 
ABCD. Fig. 3. 

7. The Extremities of a Superficies are Lines. 

• 8. The Inclination of two- Lines meeting one 
another (provided they do not make one continued 
Line) or the opening between them is called an 
Angle. Thus Fig. 4, the Inclination of the Line 
AB to the Line BC meeting each other in the Point 
B, or the opening of the two Lines BA and BC, 13 
' called an Angle, as ABC. 

Note, When an Angle is expreffed by three Let- 
ters, the Middle one is that at the angular 
Point. 

I o. When the Lines that form the Angle arc 
Right ones, it is then called a Right-lined Angle, as 
ABC. Fig. 4. If one of them be Right and the 
other Curved, it is called a Mix'd-Angle, as B. Fig, 
5. If both of them be curved it is called a Curved- 
Hned or a Spherical Angle, as C. Fig. 6. 

11. If a right Line CD (Fig. 7) fall upon ano- 
ther right Line AB, fo as to incline to neither 

. Sde, but make the Angles ADC, CDB on eacli 
Side equal to each other, then thofe Angles are 
called right Angles, and the Line CD a Perpen- 
dicular. 

1 2. An obtufe Angle is that which is wider or 
greater than a right one, as the Angle ADE, Fig. 
7. and an acute Angle is lefs than a right one, as 

,EDB. Fig. 7. ^ 1 3. Acute 
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1 3. Acute and cbtLfe Angks in general axe call- 
ed oblique Angles. 

14. If a ri^bt line CB (Fig. 8.) be fkftened at 
the End C, and the other End B ht carried cuiie 
round, then the %aoe ccanprcJieDded ts calied a 
Qrcle ; and the curve line <klciibed by the Point 
B is called the CircumfereiKe or the Peaipher} cf the 
Circle ; the fixed Point C is called itf Coitcr. 

1 5. The defcribing Line CB (Fig. 8 .) is called 
the Sonidiameter or RadiuSy or any Lznt ficm -he 
Center to the Circumference : Whenoc all Radii of 
the fame or (rf equal Circles are equal 

16. The Diameter of a Circle is a rig : Line 
drawn thro* the Center, and terminating on dtJ? *r 
Side of the Cu-cumferencc ; and it divtdes the ' ^^ - 
cle and Cucumference into two equal Pails cr.ll: J 
Semidrclts ; and is douUe tl^ Racfius, as AB cr 
DE. Fig. 8. 

18. The Circunaference of every Circle is fup- 
pofed to be ^vided into 360 equal Parts called 
Degrees, and each Degree into 60 equal Parts caL- 
ed Minutes, and each Minute into 60 equal Pans 
called Seconds, and thefe into Thirds, Fourths, &c. 
thefe Parts being greater or lefe as the Radius is. 

19. A Chord is a right Line drawn from one End 
of an Arc, or Arch (that is any Part of the Circum- 
ference of a Circle) to the other ; and is the Meafure 
of the Arc. Thus the right Line HG is the Mea- 
fure of the Arc HBG. Fig. 8. 

20. The Segment of a Circle is any Part there- 
of, which is cut off by a Chord : Thus the Space 
which is comprehended between the Chord HG 

D and 
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and the Arc HBG, or that which is comprehend- 
ed between the faid Chord HG and the Arc 
HDAEG are called Segments. Whence it is 
plain, Fig. 8. 

I . That any Chord will divide the Circle into 
two Segments. 

' 2. The lefs the Chord is, the more unequal are 
the Segments. 

3. When the Chord is greateft it becomes a 
Diameter, and then the Segments are equal i and 
each Segment is a Semicircle. 

21 . A Seftor of a Circle is a Part thereof lefs than 
a Semicircle which is contained between two Ra- 
dii and an Arc : Thus the Space contained be- 
tween the two Radii CH, CB, and the Arc HB is a 
Sedor. Fig. 8. 

22. The right Sine of an Arc, is a perpendicular 
Line let fall from one End thereof, to a Diameter 
drawn to the other End : Thus HL is the right 
Sine of the Arc HB. 

The Sines on the fame Diameter encreafe till 
they come to the Center, and fo become the Ra- 
dius : Hence it is plain that the Radius CD is the 
greateft poflible Sine, and thence is called the 
whole Sine. 

Since the whole Sine CD (Fig. 8.) muft be per- 
pendicular to the Diameter (by Def 22.) therefore 
producing DC to E the two Diameters AB and DE 
crofs one another at right Angles, and thus the 

Periphery 
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Periphery is c&vided into four equal Parts, as BD, 
DA, AE, andEB; (by Def. 11.) and foBD be- 
comes a Q^drant or the fooith Part of the Peri- 
j^iery : Therefore the Rstdsm DC is always the 
^e of a Quadrant, or of the &arth Pact c£ the 
Circle BD. 



Sines are &idto be of as 
Arc contain^ Parts of 360 : 
the Sne of a Qmdrant 
Degrees, or of ^Saacth 
i3 36oD^[eeaL 
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28. The Sine, Tangent, or Secarit of the Com-? 
plement of any Arc, is called the Co-Sine, Co- 
Tangent, or Co-Secant of the Arc itfelf : Thus 
FH is the Sine, DI the Tangent, and CI the Se- 
cant of the Arc , DH -, or they are the Co-Sine, 
Co-Tangent, or Co-Secant of the Arc HB. Fig. 8. 

29. The Sine of the Supplement of an Arc, is 
the fame with the Sine of the Arc itfelf, for draw- 
ing them according to Def. 22. there refultsthe: 
lelf-fame Line ; thus HL is the Sine of the Arc 
HB, or of its Supplement ADH. Fig. 8. 

30. The Meafure of a right-lined Angle is the 
Arc of a Circle fwept from the angular Point, and 
contained between the two Lines that form the 
Angle : Thus the Angle HCB (Fig. 8.) is meafur- 
cd by the Arc HB, and is faid to contain fo many 
Degrees as the Arc HB does ; fo if the Arc HB 
is 60 Degrees, the Angle HCB is an Angle of 60 
Degrees. 

Hence Angles are greater or lefs according as the 
Arc defcribed about the angular Point, andtermi-r 
nated by the two Legs, contain a greater or left 
Number of Degrees of the whole Circle. 

^. 31. The Sine, Tangent, and Secarit of an Arc, 

is alfothe Sine, Tangent, and Secant of an Angle 
whole Meafure the Arc is ; thus becaufe the Arc 
HB is the Meafure of the Angle HCB, and fince 
HL is the Sine, BK the Tangent, and CK the 
Secant, BL the verfed Sine, HF the Co-Sine, DI 
the Co-Tangent, and CI the Co-Secant, &c. of the 
Arch BH ; then HL is called the Sine, BK the 

Tangent, 
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Tangent, CK the Secant, &c. of the Angle HCB, 
whole Meafure is the Arc HB. Fig. 8. 

32. Parallel Lines are fuch as are equicfiftant from 
each other, as AB, CD. Fig. .9. 

33. A Figure is a Space bounded by a Line or 
Lines. If the Lines be right it is called a re<5li- 
lineal Figure, if curved it is called a curvilineal 
Figure ; but if they be partly right and partly curv- 
ed Lines, it is called a mixt Figure. 

34. The moft fimple reftilineal Figure is a Trian- 
gle, being compofed of three right Lines, and is 
confideredin a double Capacity ; tft, with refpeft 
to its Sides ; and ad, to its Angles. 

^^. In refpeft to its Sides it is either eqirilateral, 
having the three Sides equal, as A. Fig. 10. 

36. Or Ifofcelejs, having two equal Sides, as 
B. Fig. II. 

37. Or Scalene, having the three Sides unequal, 
^sC. Fig. 12. 

38. In refped to its Angles, it is either right- 
angled, having one right Angle, as D. Fig. 1 3. 

39. Or obtufe angled, having one obtufe Angle, 
as E. Fig. 14. 

40. Or acute angled, having all the Angles 
Acute, asF. Fig. 15. 

41. Acute 
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41. Acute and obtufe angkd Triangles are in 
general called oWique angled Triangles, in all wWch 
any Side may be called the Bafe, and the other 
two the Sides. 

42. The perpendicular Height of a Triangle is 
^ Lone drawn from the Vertex to the Bafe, perpen- 
dicularly : Thye if the Triangle ABC be propof- 
cd, ^nd BC be made its . Bafe, then if from the 
Vertex A thke Perpendicular AD be drawn to BC, 
the Line AD will be the Height of the Triangle 
ABC, Handing on BC as its Bafe. Fig. 1 6. 

tfcnce all Triangles between the (ame Parallels; 
Hve the fame tJeight, fmce all the Perpendiculars 
are equal frorii the Nature of Parallels, 

43. Any Figure of four Sides is-called aquadri^ 
lateral Figure. 

44. Quadrilateral Figures whofe oppofite Sides 
^re parallel, are called Parallelograms : Thus 
ABCD is a Parallelogram. Fig. 3. 17. andA, B. 
Fig. ;j 8. and 19. 

45. A Parallelogram whofe Sides are all equal 
and Angles right, is called a Square, as ABCD. 

Fig- 17- 

46. A Parallelogram whofe oppofite Sides are 
equal and Angles right, is called a Reftangle or an 
Oblong, as ABCD. Fig. 3. 

47. A Rhombus is a Parallelogram of equal 
Sides, and has its Angles oblique, as A. Fig. 18. 
and is an inclined Square. 48. A 
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48. A Rh o nJwiJa is a 
pofite Sides aie eqml and Ang^ cfa&xar ^ 
Fig. 19. and may beuami ttd 
an^e. 



49. Any qiadrihtaalFigar'dbsK! isiiata 
lelogiam is calkda Trqxziuni. Pks 7. Fig. 5 



Sicks arc caUedPc^gcxs; tflhcSdaaPtdcgiad 





They fbmedmes aie named &om liie Kisnfacr i£ 

thdr Sides, as a five-fidedF^gaci 

gon, one (^ fix Sdes a Hezagcn, 

Sid^are not eqml to eadi olfae 

called irregular Pi 

Hexag(xi9 ^r. 

51. Foot (Entities axe find to be in Proposlktt 
whoi the Prodiift of the EstjcoQes k equal to i3caX 
of the Means : Tins if A mi d iif jfied by D^ be 
equal to B mcd^hed by C, li»i A is &id to be 
to B asC istoD. 

POSTULATES or PETTTIONS. 

I. That a ri^ Line may be drawn bom any 
one ^ven Point to 



>rf:lfTi. 



2. That a ri^ Line may be produced or con- 
tinued at Pkafifl-e. 

3. That bom any Center and with any Radius 
the Cu-cumference of a Circle may be defcribed. 

4. It is aUb reqiaftd, that the Equality of lines 
and Angles to ethos given, be granted as pofSble : 

That 
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That it is poffible for one right Line to be per- 
pendicular to another, at a given Point or Diftance ; 
and that every Magnitude has its half, third, fourth, 
iSc, Part. 

Note, Though thefe Poftulates are not always 
quoted, the Reader will eafily perceive where and 
in what Senfe they are to be imderftood. 

AXIOMS or Self-evident Truths. 

1 . Things that arq equal to one and the fame 
Thing, are equal to each other. 

2. Every Whole is greater than its Part. 

> 3. Every Whole is equal to all its Parts taken 
together. 

4. If to equal Things, equal Things be added, 
the Wholes will be equal. 

5. If from equal Things, equal Things be de- 
ducted, the Remainders will be equal. 

6. If to or from unequal Things, equal Things 
be added or taken, the Sums or Remainders will 
be unequal. 

7. All right Angles are equal to one another. 

8. If two right Lines not parallel, be produced 
towards their neareft Diftance, they will interfe£t 
each other. 

9. Things which mutually agree with each oth^r 
are equal. 

NOTES. 
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NOTES. 

A Theorem is a Propofition, wherein fomething 
is propofed to be demonilrated. 

A Problem is a Propofition, wherein fomething * ', 
is to be done, or effe(5led. 

A Lemma is fome Demonftration, previous and 
neceflary, to render what follows the more eafy. 

A Corollary is a confequent Truth, deduced from 

a foregoing Demonftration, ^, 

■ •*, 

A Scholium, is wlien Remarks or Obfervations 
are made upon fomething going before. 

"Jh Signification c/ S I G N S. 

The Sign ==, denotes the Quantities between 
which it ftandis to be equal. 

The Sign +, denotes the" Quantity it precedes 
to be ad5ded; 

The Sign — ', denotes that Quantity which it 
precedes to be fubftraded. 

The Sign X, denotes the Quantities, between 
them to be multiplied into each other. 

To denote that four Quantities, A, S, C, D, ^ 
are proportional, they are ufually wrote thus, 
A : B : : C : D ; and read thus A is to B, fo is C 
to D ; but when three Quantities A, B, C, are pro- 
portional the middle Quantity is repeated, and they 
are wrote A : B : : B : C. 

E GEO-' 
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IF a right Line fdUs on another ^ as AB^ or ESy 
does on CD J (Fig. 20 J /V either makes with it 
two right AhgUsy or two Angles equal to two right 
Af^ks. 

1 . If AB be perpendicukr to CD, then (by Def. 
II.) the Angles CBA, arid ABD, will be each a 
right Angle- 

2. But if EB fall (lantwife on CD, then are the 
Angles DBE+EBC= DBE+EBA (=DBA) + 
ABC, or to two right Angles. CL E- ^' 

Corollary I. Whence if any Number of right 
^ Lines were drawn from one Point, on the fame 
Side of a right Line ; all the Angles made by thefc 
Lines will be equal to two right Angles. 

2. And all the Angles which can be njade abofat 
It Point, will be equal to four right Angles. 



i. *^ 






GEOMETI.ir Al„ fcr. 

rSED JL 
PkteL 



f mt fi^it JjKt on^fs^ imjlhe}'^ {a: MC dit: ..nu^^ 
the Qpp^it Jk^ madr in timk fawr- ^of hf tgual 

fS 21. 



By ThDQsaa L EBC-rCED = £ li^ ^Tipifs 



DEA : take C£D iram hcffb^ and ^iste rcnsaiis 
BEC=DEA. (brAxkans.) Q^E D/ 

After the fiaiK Wbnner CEEM- AED = 2 i^te 



fore taking AED fesn bodi, ^dicre jtanams CED 
=AEB. Q^E. D. 

THEO. m. 

^ if f:^^ £ii^ cr^^ /s;; ParxiBdsy as GH dots 
AB andCD, (f^. 22 J them 

1. 7%dr extemd A^ks art ^ud ts fork mher, thai 
is GEB=CFH. 

2. fhe ahtrnatt Angles msi ht tqiLoL, thai is AEF 
=EFD and BEF^CFE. % 

3. 7%r external Aagk wiB be equal to the ixtenuJ 
and oppofite one on the fame Sidt^ that is GEB=EFD 
m^AEG=CFE. 

E 2 4. And 
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4. And the Sum of tke internal Angles on the fame 
Side, are. equal to two right Angles ; that is BEF+ 
DFE are equal to two right Angles, and AEF-\- CFE 
are equal to two right Angles. ^ ^ 

1. Since AB is parallel to CD, they may be coD' 
fidered as one broad Line, crolied by another Line, 
as GH ; (then by the laft Theo.) GEB=CFH, and 
AEG^HFD. 

2. Alfo GEB=AEF, and CFH=EFD ; but 
GEB=CFH (by Part i. of this Theo.) therefor^ 
AEF=EFD. The lame Way we prove FEB= 
EFC, 

3. AEF=EFD; (by the taft Part of this Theo.) 
but AEF=GEB (by Theo. 2.) Therefore GEB= 
EFD. The fame Way we prove AEG=CFE. 

4. For fince GEB=EFD to both add FEB, 
• then (by Anxiom 4.) GEB+FEB=EFD+FEB, but 

GEB+FEB, are equal to two right Angles (by 
Theo. I.) Therefore EFD+FEB are equal to 
two right iVngles : After the fame Manner we prove 
that AEF+CFE are equal to two Right Angles. 
CLE. D. 

"T H E O. W. 

In any I'riangle ABC, cm of its Legs as BC being 
produced towards D, it will make the external Angle 
WjD equal to the two internal oppnftte Anghi taken to- 
■(ther. Fiz. to B and A. Fi?: 23. 

Thro' 






• ■ 



- I- 

I 



THEOREMS. * aj? 



Plate I. 



9 * 



Thro' C, let CE be drawn parallel to AB ; then 
fince BD cuts the two parallel Lines, BA, CE ; the 
Angle ECD=B, (by Part 3 of the laft Theo.) 
and again, fince AC cuts the &me Parallels the 
Angle ACE=A (by Part 2. of the laft) There^ 
fore ECD+ACE=ACD=B-i-A. Q^E. D, 

r H E O. Y. 

In aty Triangle ABCy all the three Angles takeit 
together are equal to two right Angles y viz. A+B+ACB 
== 2 right Angles, Fig. 23, 

Produce BC to any Diftance as D, then (by the 
laft) ACD=B+A ; to both add ACE ; then ACD 
+ACB = A+B+ ACB : But ACD+ACB = z 
right Angles (by Theo. i.) ; therefore the three 
Angles A+B+ACB= 2 right Angles. C^E. D, 

Cor. I . Hence if one Angle of a Triangle be 
known, the Sum of the other two is alfo known : 
For fince the three Angles of every Triangle con- 
tain two right ones, or 180 Degrees, therefore 180 
— the given Angle will be equal to the Sum of the 
other two ; or 180 — the Sum of two given An- 
gles, gives the other one, 

Cor. 2. In every right-angled Triangle, the two 
acute Angles are = ^o Degrees, or to one right 
Angle : Therefore 90 — one acute Angle, gives 
the other. 

THEO, 
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Cor. 3. Hence an Angle in a Segment greater 
than a Semicircle is lefs than a right Angle ; thus 
ADB is meafured by half the Arc AB, but as the 
Arc AB is lefs than a Semicircle, therefore half 
the Arc AB, or the Angle ADB is lefs than half a 
Semicitcle, and cbnfequently lefs than a right An- 
gle. Fig. 26. 

Cor. 4. An Angle in a Segment lefs than a Se-* 
riiicircle is greater than a right Arigle, for fince the - 
Arc AEC is greater than a Semicircle, its half, 
which is the Meafure of the Angle ABC, muft be 
greater than half a Semicircle, that is gre^^or than 
a right Angle. Fig. 27. . :.}-^^ 

Cor. 5. An Angle in a Semicircle is a right An- 
gle, for the Meafure of the Angle A^D, is half of 
a Semicircle AED, add therefore a right Angle^ 

f H E 0. vm. 

If from the Center C of a Circle ABE^ there be let 
fall the Perpendicular CD on the Chord AB^ it wilt 
bife^ it in the Point D. Ftg, 29. 

Let the Lines C A and CB be drawn fix)m the 
Center to the Extremities of the Chord, then fince 
CA=:CB, the' Angle CAB=:CBA (by theLem- 
im). But the Triangles ADC, BDC are right an- 
gled Ones, fince the Line CD is a Perpendicular ; 
and fo the Angle ACD=DCB ; (by Cor. 2. Theo. 
5.) then have we AC, CD, and the Angle ACD in 
one Triangle ; feverally equal to CB, CD, and the 
Angle BCD in the other : Therefore (by Theo. 6.) 
AD=:DB. CLE. D. 

Cor- 
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Cor» Hence it follows, that any Line bifefting 
a Chord at ripht Angles is a Diameter ; for a 
Line drawn from the Center perpendicular to a 
Chord bifefts that Chord at Right Angles ; there- 
fore converfely a Line bifedting a Chord at light 
Angles muft pafs thro* the Center, and confe- 
quently be a Diameter. 

r H EO. IX. 

If front the4^enter of a Orck ABE there 'fe drawn 
a Perpendicular CD on the Owrd ABj and p' \iif ^d 
tin it meets the Circle in jp, that Line CFy ' vlU bijed 
the Arc AB in the Point R Eg. 2^. 

Let the Lines AF and BF be drawn, then in the 
Triangles ADF, BDF ; AD=BD (by the laft) ; 
I^ is common, and the Angle ADF=BDF being 
both right, for CD or DF is a Perpendicular. 
Therefore (by Theo. 6.) ; AF=FB ; but in the 
fame Circle equal Lines are Chords of equal Arcs, 
lince they meafure them (by Def 1 9.) ; whence 
the Arc AF=FB, and fo AFB is bifeded in F, 
by the Line CR 

Cor. Hence the Sine of an Arc is half the 
Chord of twice that Arc. For AD is the Sine of 
the Arc AF, (by Def 2a.) AF is half the Arc, 
and AD half the Chord AB (by Theo. 8.) Th.re- 
IbretheCor. is plain. 

F <rHEO. 
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In any friat^k 4BDj the half of each Sde is the 
&ne of the cppofite Angle. Fig. 30. 

Let the Circle ADB be drawn thro* the Points 
A, B, D ; then the Angle DAB is meafured by 
half the Arc BKD, (by Cor. i. Theo. 7.) vk., the 
Chord of BK is the Meafure of the Angle BAD ; 
thereforaf (by Cor. to the laft) BE t^P half of BD 
is the Sine of BAD : The fame Way may be 
proved, that half of AD is the Sine of ABD, and 
the half of AB th^ Sine of ADB. Q^ E. D, 

THEO. XI, 

If a right Line GH cuts t*wo other right Lines AB ; 
CD^ fo as to make the alternate Angles AEFj EFD 
equal to each others then the Lines AB and CD will he 
parallel Fig. 22. 

If it be denied that AB is parallel to CD, let 
IK be parallel to it ; then IEF=(EFD)=AEF (by 
Part ia. Theo. 3.) a greater to a lefs which is ab- 
fiird, whence IK is not parallel ; and the like we 
can prove of all other Lines but AB ; therefore 
AB is parallel to CD. Q^ E. D. 

r H E O. XVL. 

If two equal afid parallel Lines AB^ CDj be joined 
by two other Lines AD^ BCy thnfe fhall be alfo equal 
and parallel Fig. 3. 

Let 
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Let the Diameter or Diagonal BD be drawn, and 
we will have the two Triangles ABD, GDB ; 
whereof AB in one is = to CD In the other, DB 
common to both, and the Angle ABO=CDB (by- 
Part 2. Theo. 3.) ; therefore (by Theo. 6.) AD=CB, 
and the Angle CBD= ADB, and thence the Lines 
AD and BC are parallel, by the preceding Theorem. 

Cor. I . Hence the Qiiadrilateral Figure ABCD 
is a Parallelogram, and the Diagonal BD bi- 
fefts the fame, inafmuch as the Triangle ABD= 
BDC, as now proved. 

Cor. 2. Hence alfo the Triangle ADB on the 
fame Bafe AB, and between the fame Parallel with 
the Parallelogram, ABCD, is half the Parallelogram. 

Cor. 3. It is hence alfo plain, that the oppo- 
fite Sides of a Parallelogram are equal ; for it has 
been proved that ABCD being a Parallelogram, 
AB will be =F CD and AD=BC. 

^HEo. xin. 

y^l Parallelograms on the fame or equal Safes and 
letween the fame Parallels are equal to one another^ 
that is if BD=GHy and the Lines BH and AF parol- 
lei, then the ParaUdogram ABDC=BDFE=EFHG. 

For AC (=DB=EF (by Cor. the laft) ; to both 
add CE, then AE=CF. In the Triangles ABE, 
CDF ; AB=CD and AE=CF and the Angle 
BAE=DCF (by Part 3. Theo. 3.) ; therefore the 
Triangle ABE=CDF. (by Theo. 6.) let the 
Triangle CKE be taken from both, and we will 

F 2 have 



36 GEOMETRICAL 

Plate I. 

have the Trapezium ABKC=KDFE ; to each of 
thefe add the Triangle BKD, then the Parallelo- 
gram ABCD=BDEF ; in like Manner we may 
prove the Parallelogram EFHG=$DEF. Where- 
fore ABDC=BDEF=^EFHG. Q^E. D. 

Cor. Hence it is plain that Triangles on the 
fame or equal Bafes, and between the lame Paral- 
lels, are equal, fisemg (by Cor. 2. Theo. 1 2.) they 
are the Halves of their refpe^ve Parallelograms. 

THEO. XIV. 

In every righi-angled Triangky ABCj the Square of 
the Hypothemfe or hn^eft Sde^ BQ or BCMH^ is 
equal to the Sum or tfie Squares inade on the other two 
Sides AB atid AC, that is to ABDE and ACQF. 

Thro' A draw AKL perpendicular to the 
Hypothenufe BC, join AH, AM, DC and 
BG ; in the Triangles BDC, ABH, BD = BA 
being Sides of the fame Square, and alfo 
BC=BH, and the included Angle DBC=ABH,. * 
(for DBA=CBH being both right, to both add 
ABC, then DBC=ABH) therefore the Triangle 
DBC=ABH (by Theo. 6.) but the Triangle DBC 
is half of the Square ABDE (by Cor. 2. Theo. 12.) 
and the Triangle ABH is half the Parallelogram 
BKLH (by the fame) ; therefore half the Square 
AB :>^ is equal to half the Parallelogram BKLH, 
and the Square ABDE equal to the Parallelogram 
BKLH. The fame Way it may be proved, that 
the Sqiare ACGF, is equal to the Parallelogram 
KCLM. So AEDE+ACGF the Sum of the 

Squares, 
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Squares, = BKLH+KCML, the Sum of the two 
Parailelograms or Square BCMH ; therefore the 
Sum of the Squares on AB and AC is equal to the 
Square on BC Q^^ E. D. 

Cor. I. Hence the Hypothenufe of a right- 
angled Triangle may be found by having the Legs ; 
thus, the Square Root of the Sum of the Square* 
of the Bafe and Perpendicular, will be the Hypo- 
thenufe. 

Cor. 2. Having the Hypothenufe and one Leg 
;iven to find the other ; the Square Root of the 
difference of the Squares of the Hypothenufe and 
^iveji Leg, will be the required Leg, 

TH E 0. XV. 

Jk all Circles the. Chord of 60 Degrees is always 
^qual in Length to the Radius. 

Thus in the Grcle AEBD^ if the Arc AEB be an 
Arc of 60 - Degrees^ and the Chord AB be drawn ; 
then AB=^CB=AC (Eg. ZZ^) 

In the Triangle ABC, the Angle ACB is 60 De- 
grees being meafured by the Arc AEB ; therefore 
the Sum of the other two Angles is 1 20 Degrees 
(by Cor. i. Theo. 5.) but fmce AC=CB, the An- 
gle CAE=CBA (by Lemma preceding Theo. 7.) 
confequently each of them will be 60, the half of 
J 20 Degrees, and the three Angles will be equal to 
one another,' as weH as tl|^ three Sides : Wherefor^ 
AB=BC=AC (i^E. D. 
' Con 
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Whence oKo the Parallcbgrams ABCF, and 
BDEC being (by Cor. 2. Theo. 1 2.) the Doubles of 
the Triangles, are likewife as their Bafes. (^E. D. 

. Note, Wherever there are feveral Quantities 
connedled with the Sign : : The Conclufion is al- 
ways drawn from the firft two, and laft two Pro-* 
portionals. 

THEO. XIX. 

> 

Trioftgks ABC^ DEF^ ftanding upon equal BafeS 
AB and DE^ are to each other as their Altitudes CG 
andFH. Fig. 2, 

Let BI be perpendicular to AB and eq\ial to CG, 
in which let KB=FH, and let AI and AK be 

drawn. 

The Triangle AIB=ACB (by Cor. to Theo. 1 3.) 
and AKB=D£F ; but (by Theo. 18.) BI : BK : : 
ABI : ABK. That is CG : FH : : ABC : DER 
, Qi^E. D. 

THEO. XX. 

If a right Line BE be drawn parallel to one Side 
* $f a triangle ACDy it will cut the two other Sides 
proportionally y viz. AB : BC : : AE : ED, Fig, 3. 

Draw CE and BD ; the Triangles BEC and EBD 

being on the fame Bafe BE and under the fame Par- 

rallel CD, will be equal (by Cor. to Theo. 13.) 

therefore (by Theo. 18.) AB : BC : : (BEA : BEC 

or BEA : BED) : : AE : ED. CL E. D. 

Cor. 
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Cor. I. Hence alfo AC : AB : : AD : AE : 
For AC ; AB : : (AEC : AEB : : ABD : AEB ) 
: : AD : AE. 

Cor. 2. It alfo appears that a right Line, which 
divides two Sides of a Triangle proportionally, 
muil be parallel to the remaining Side. 

Cor. 3. Hence alfo Theo. 16. is manifeft ; lince 
the Sides of the Triangles ABE, ACD being equi- 
angular, are proportional. 

f H EO. XXI. 

If two Triangles ABCy ADE^ have one Angk iu BACj 
equal to one Angle DAE^ and the Sides about the equal 
Angles proportional^ that is AB : AD : : AC : AE^ 
then the triangles will be mutually equiangular. Fig. 4. 

In AB take Ad = AD, and let de, be parallel to 
BC, meeting AC in e. 

Becaiife (by the firft Cor. to the foregoing Theo.) 
AB : Ad : : (AD) AC : Ae, and (by the Hypo- 
thefis, or what is given in the Theorem) AB : AD : 
AC : AE ; therefore Ae = AE feeing AC bears 
the iame Proportion to each ; and (by Theo. 6.) 
the Triangle Adc = ADE, therefore the Angle 
Ade = D and Aed = E, but fince ed and BC are 
parallel (by Part. 3. Theo. 3.) Ade=B, and Aed= 
C, therefore B = D and C = E. CL E. D. 

- . * G THEO. 
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V 

r H E O. XXII. 

Equiangular Triangles ABC^ DEF^ are to one an(h> 
ther in a Duplicate Pnjiportion of their Homologous or 
like Sdes -^ or as the Squares AK and DM of their 
Hofnotogous Sdes. Fig. 5. 

Let the Perpendiculars CG and FH be drawn, 
as well as the Diagonals BI and EL. 

The Perpendiculars make the Triangles ACG 
and DFH equiangular, and therefore fimilar (by 
Theo. 16.) for becaufe the Angle CAG=FDH 
and the right Angle AGC = DHF, the remaining 
Angle ACG=DFH, (by Cor. 2. Theo. 5.) 

•Therefore GC : FH : : (AC : DF : :) AB : DE, 
or which is the fame Thing GC : AB : : FH : DE, 
for FH multiplied by AB = AB multiplied by FH. 

By Theo! 19. ABC : ABl : : (CG : AX, or AB 
as before : : FH DE, or DL : :) DFE : DLE, 
therefore ABC : ABI : : DFE : DLE, or ABC : 
AK : : DFE : DM, for AK is double the Trian- 
gle ABI, and DM double the Triangle DEF, by 
Cor. 2. Theo. 11. Q;_E. D. 

r H E o. xxni. 

Like Polygons ABCDEf abcde, are in a Dw^iate, 
Priori ion to that of the Sides AB, ah, which are be- 
tween the equal Angles A and B, and a and b, or as the 
Squares of the Sides AB, ab. Fig. 6. 

Draw AD, AC, ad, ac. 

By 
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By the Hypothefis AB : ab : : BC : be, and there- 
by alfo the Angle B = b ; therefoie (by Theo. 21.) 
BAC = bac ; and ACB = acb ; in like Manner 
EAD = ^d, and EDA = eda. If therefore from 
the equal Angles A, and a, we t^e the equal * 
ones EAD+BAC=^ead+bac the remaining Angle 
DAC=dac, and if from the equal Angles D and 
d, EDA=eda be taken, we (hall have ADC=adc : 
and in like Manner if from C and c be taken 
BCA=^bca we (hall have ACD = acd ; and fo the 
refpeftive Angles in every Triangle will be equal 
to thofe in the other. 

By Theo. 22. ABC : abc : : the Square of AC to 
the Square of ac, and alfo ADC : adc : : the Square 
of AC, to the Square of ac ; therefore from Eiqua- 
lity of Proportions ABC : abc : : ADC : adc: in 
like Manner we may (hew that ADC : adc : EAD : 
ead : therefore it will be as one Antecedent, is 
to one Confequent ; fo are all the Antecedents, to 
all the Confequents. That is ABC : abc as the Sum 
of the three Triangles in the firft Polygon, is to 
the Sum of thofe in the laft. Or ABC will be to 
abc, as Polygon to Polygon. 

The Proportion of ABC to abc (by the forego- 
ing Theo.) is as the Square 4rif AB is to the Square 
of ab, but the Proportion of Polygon to Polygon is 
as ABC to abc as now ihewn : therefore the Pro- 
portion of Polygon to Polygon is as the Square 
i^f AB, to the Square of ab. 

G 2 THEO, 
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r H Eb. xxI\^ 

Let DHB be a ^adrant of a Circle iefcriled by 
the Radius CB : HB an Arc ofitj and DH its Cm- 
pkmenty HL or FC the Sne^ FH or CL its GhSne ; 
BK its Tangent y DI its Qhtangent ; CK its Secant ^ , 
and CI its Ohfecant. Fig. 8. 

1. The Co-fine of an Arc, is to the Sine, as 
Radius is to the Tangent. 

2. Radius is to the Tangent of an Arc, as the 
Co-fine of it is to the Sine. 

3. The Sine of an Arg is to its Co-fine, as Ra- 
dius to its Co-tangent, 

4. Or Radius is to the Co-tangent of an Arc, ai$ 
its Sine to its Co-fine. < 

^ 

5. The Co-tangent of an Arc is to Radius, ai5 
Radius to the Tangent. 

6. The Co-Sine of an Arc is to Radius, as Ra,- 
dius is to the Secant. V 

7. The Sine of an Arc is to Radius, as the 
Tangent is to the Secant. 

The Triangles Q.H, and CBK l?eing fimilar, 
(by Theo. 16.) 

1. CL:LH: : CB : BK. 

2. Or, CB : BK : : CL : LH. 

The 



Plate L 



The Triangles Cl^H, and CM, being fimilar. 

^. CF (or LH) : FH : : CD : M. 

4. CD : DI ; : CF, Cor LH) : FH. 

The Triangles CDI and CBK are fimilar ; for 
the Angle CID— KCB, being a)temate ones (by 
Part 2. Theo. 3.) the Lines CB and DI being pa- 
rallel : The ^gle CDI=CBK being both right, 
and confequently the Angle DCI = CKB, where- 
fore, 
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5. DI : QD : : CB : BK. ?•>-. 

And again, making Ufe of the- funilar Trian^es 
CLH, and CBK. 

,6. CL : CB : ; CH : CK. 

7. HL:CH:BK;CK;. 
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PROS. I. 
Plate II. 

TO make a T'rian^leof three given righf Lines B(X 
LBy LOj of which ary two t^ be greater 
than the third. Fig^T. 

Lay BL from B to L, from B with the Line BO, 
defcribe an Arc, and from L with LO defcribe ano- 
ther Arc ; from O, the Interfedtion Point of thofe 
Arcs draw BO, and OL, and BOL i^ the Trian^ 
gle required. 

This is manifeft from the Con^lruftion. 

P RO B. K 

At a Point B in a given Right Line BC, to make an 
Angle equal to a given Angle A. Fig. 8. 

Draw any right Line ED to form a Triangle as; 
EAD, take BF = AD, and upon BF make the Tri- 
angle BFG whofe Side BG = AE, and OF = ED 
(by the laft) then alfo the Angle B = A ; if we 
fuppofe one Triangle be laid on the other, the 
Sides will mutually agree with each other, and 
therefore be equal, for if we confider thefe two 
Triangles are made of the faaiC.given three Lines, 
they are manifeftly one and th^ ftme Triangle. 

Otherwife 

Upon 
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Upon the Centers A and B, at any Diffance, let 
two Arcs, DE, FG, , be defcribed ; make the Arc 
FG=DE, and thro' B and G draw the Line BG, 
and it is done. 

For fince the Chords ED, GF, are equal, the 
Angles A and B are alfo equal, as before (by 
Def. 19.) 

PROS. m. 

To blfeSl or iSvide into two equal Par ts^ any given 
rigfu-Jined Angk^ BAC Fig. 9. 

tn the Lines AB and AC, from the Point A fet 
off equal, Diftances AE=AD, then, with any Dis- 
tance, more than the half of DE, <Mcribe two Arcs 
to cut each other in Tome Point F ; and the right- 
line AF, joining the Points A> and F, will bifed 
the given Angle BAC. 

For if DF and FE be drawn, the Triangles 
ADF, AEF, are equilateral to each other, viz, AD 
= AE, DF = FE, and AF common, wherefore 
DAF = EAF, as before. 

PROS. IV. 

To bife£l a right line AB. Fig. 10. 

With any Diftance, more than half the Line, 
from A and B, defcribe two Circles CFD, CGD, 
cutting each other in the Points C and D j draw 
CD, interfering AB in E, then AE=EB. 

For 
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For if AC, AD, EC^ BD, be drawn ; the Tri- 
angles ACD, BCD, will be mutually equilateral, 
and confequently the Angle ACE=BCE : There- 
fore the Triangles ACE, BCE, having AC = BC,. 
CE common, and the Angle ACE=BCE} (by 
Theo. 6.) the Bafe AE = the Bafe BE. 

Cor. Hence it is manifeft that CD not only bi- 
fe£ts AB, but is perpendioilar to it. (by Def. 1 1 .) 

P RO B. V. 

On a given Pdnt A^ in a right Line EFy to ereEl a^ 
hrpendicubr. Fig. ii . 

From the Point A lay off on each Side, the equal 
Diftances, AC, AD ; and from C and D, as Cen- 
ters, with any Interval greater than AC or AD, 
defcribe two Arcs interfering each other in B ; 
from A to B draw the Line AB, and it will be the 
Perpendicular required. 

For, let CB, and BD be drawn ; then the Tri- 
angles CAB, DAB, will be mutually equilateral 
and equiangular, fo CAB=DAB, a right Angle, 
(by Def. II.) 

PR B, vr. 

To raife a PerpefidicuJar on the End B of a right 
LineAB. Fig. i2. 

From any Point D not in the Line AB, with the 
Diftancc from D to B, let a Circle be defcribed cut- 
ing AB in E ; draw from E thro' D the right Line 
EDC, cutting the Periphery in C, and join CB ; 
and that is the Perpendicular required. 

EEC 
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EEC being a Semicitc >., the Angle EEC will be 
a right Angle, (by Cor. 5. Theo. 7) 

PROS, VII. 

JF^om a given Point A^ to let faU a Perpendicuhtr 
vpon agrupt right Line BC. fig. 1 3. 

From any Point D, in the given Line, take the 
Diftance to the given Point A, and with it defcribe 
a Circle AGE, make GE=AG, join the Points 
A and E, by the Line AI^, and AF will be the 
Perpepdicular requiried, 

Let DA, DE, be drawn ; the Angle ADF?=FDE, 
DA=DE, being Radii of the fame Circle, anr 7 x* 
common ; therefore (by Theo. 6.) the Angle DF A 
=DFE, and FA a Perpendicular, (by Def. 11.) 

P Ro B, vm. 

TTiro'a given Point A, to draw a right Line A By 
parallel to a given right Line CD. Fig. 14, 

From the Point A, to any Point, F, in the Line 
CD, draw the Line AF ; with th^ Interval FA, and 
ene Foot in F defcribe the Arc AE, and with the 
like Interval and one Foot in A, defcribe the Arc, 
BF, making EF::^AE ; thrb' A and B dra\y the 
Line AE, and it will be parallel to CD. 

By Prob. 2. The Angle BAF=AFE, and by 
Theo. 1 1 . EA and CD are parallel. 

H PROB. 
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Having made an Angle DEF any wife, by tw# 
infinite blank right Lines, ED, EF, as before •, lay 
the Line A from E to G, the Line B from E to I, 
and draw the Line IG, lay the Line Cfrom* E to 
H, and (by Prob. 8.) draw HK parallel thereto, 
fo will EK be the fourth Proportional required. 

For by Cor. i. Theo. 20. EG : EI : : EH : EK. 

Or A; B: : C :'EK. 

PROB. xin. 

Plate HI. 

Two right Lines ^ A and B, given to find a Mean 
Proportional, (Fig. i.) 

Draw an infinite blank Line, as AF, on which 
lay the Line A, from A to B, and the Line B, from 
B to C. on the Point B, which is the joining 9f the 
Lines A and B, ereft a Perpendicular BD, (by 
Prob. 5.) bifedt AC in E (by Prob. 4O and defcribe 
the Semicircle ADC ; and from the Point D, where 
its Periphery cuts the Perpendicular BD, draw the 
Line BD, and that will be the Mean Proportional 
required. 

For if thc'Lines AD, DC, be drawn, the Angle 
ADC is a right Angle, (by Cor. 5. Theo. 7.) being 
an Angle in a Semicircle. 

The Angles ABD, DBC, are right ones, (by Def, 
II.) the Line BD being a Perpendicular ; wherefore 
the Triangles ABD, DBC, are fimilar, thus the Ajn*- 
gfe ABD=DBC, being both right, the Angle DAC 
is the Complement of BDA to a right Angle, (by 
Cor. 2. Theo. 5.) and is therefore equal to BDC, 
the Angle ADC being a right Angle as before ; con- 

fequently 
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fequently (by Cor. i. Theo. 5.) the Angle ADB= 
DCBf wherefore (by Theo. 16.) 

AB : BD : : BD : BC. 
Or A : BD : : BD : B. 

PROS. XIV. 

To tSvide a right line AB^ in the Pmt Ey fa that 
AEjbatthceoe the fame Prcportim to ABy as two given 
Lines C and D have. (F^ z.) 

Draw an infinite blank Line, AF to the Ex- 
tremity of the Line AB, to make with it any An- 
gle ; lay the Line^]! from A to C, ancj D from A 
to D, and join the Points B and D, by the Line 
BD, thro' C draw CE parallel to BD (by Prob. 8.) 
lb is E the Point of Divifion. 

For by Cor. i. Theo. zo. AC : AD : : AE : AB 
Or C : D : : AE : AB. 

PROS. XV. 

To defcribe a Grck about a Triangk ABC (or which 
is the fame Thing) thro' any three. Points^ A^ -ff, C, 
ijohich are-not fuuate in a right Line. (F^, 3 J 

By Prob. 4. Bifed the Line AC by the Perpen- 
dicular DE, and alfo CB, by the Perpendicular FG, 
the Point of Interfeftion H of thefe Perpendiculars 
is the Center of the Circle required, from which 
take the Diftance to any of the three Points A, B, 
C, and defcribe the Circle ABC and it is done. 

For 
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For by Cor. 2. Theo. 8. The Lines DE and FG 
mull each pafs thro' the Center, therefore their Point 
of Interfedtion H, mull be the Center. 

SCHOLIUM. 

By this Method the Center of a Circle may be 
found, by having only a Segment of it given. 

PROS. XVL 

To make an Angle of any Number of Degrees^ 
at the Point A^ of the Line AB^ fuppofe ^ 45 
Degrees. (Fig. 4J 

From a Scale of Chords take 60 Degrees, for 60 
is equal to the Radius, (by Cor. Theo. 1 5.) and 
with that Diftance from A as a Center, defcribe a 
Circle from the Line AB ; take 45 Degrees, the 
Quantity of the given Angle, from the fame Scale 
of Chords, and lay it on that Circle from a to b, 
thro' A and b, draw the Line AbC ; and the Angle 
A, will be an Angle of 45 Degrees as required. 

If the given Angle were more than 90, take 
its half (or divide it into any two Parts lefs than 
90) and lay them after each other on the Arc which 
is defcribed with the Chord of 60 Degrees ; thro' 
the Extremity of which and the Center, let a Line 
be drawn, and that will form the Angle required, 
with the given Line. 

P RO B. 
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PROS. XVU, 

To meafure a given Ar^U ABC. (Fig, 5 J 

If the Lines which include the Angle be not as 
long as the Chord of 60 on your S^le, produce 
theni to that or a greater Length, and between 
them fo produced, with the Chord of 60 from B, 
defcribe the Arc ed ; which Diftance ed meafiired 
on the fame Line of Chords, gives the Quantity of 
the Angle BAC 48 Degrees as reqmred j this is 
plain from Def. 19, 

PR OB. xvni. 

To make a triangle BCE equal to a given ^adri- 
lateral Figure ABCD, Fig. 6, 

Draw the Diagonal AC, and Parallel to it (by 
Prob. 8.) DE, meeting AB produced in E ; then 
draw CE, and ECB will be the Triangle required. 

For the Triangles ADC, AEC being upon the 
fame Bafe AC, and under the fame Parallel ED, 
(by Cor. to Theo. 1 3 J will be equal, therefore if 
ABC be added to each, then ABCD =; EEC. 

PROB. XIX. 

To make a Trian^k DHF^ equal to a given five-^ 
Jided Figure ABODE, Fig. T. 

Draw DA and DB, and alfo EH and CF paral- 
lel to them, (by Prob. 8.) meeting AB produced in 

H and 
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H and F ; then draw DH, DF, and the Tr jangk 
HDF is the one required. 

For the Triangle DEA=DHA, and DBC= 
DFB (by Cor. to Theo. 13.) therefore by adding 
thefe Equations DEA+DBC = DHA+DFB, if ,, 
to each of thefe ADB be added ; then DEA 
+ADB+DBe=ABCDE= (DHA+ABD+DFB) 
=DHF. 

PROS. XX. 

30 prcjeSl the Lines of Qwdsy &w, TaHgftitSt 
and Secants to any jRadius. Ftg. 8. 

On the Line AB, let a femicircle ADB be de- 
fo*ihcd ; let CD be drawn perpendicular to the 
Center C, and the Tangent BE perpendicular to the - 
End of the Diametei j let the Qimdrants, AD, DB 
be each divided into 9 equal Parts, every of which 
will be I b Degrees ; if then from tho Center C, 
Lines be drawn thro' 10, zo, 30, 40, ^c. the Di- 
vifions of the Qyadrant BD, and cqntinued to BE, 
we (hall there have the Tangents of 10, 20, 30, 
40, iSc. and the Secants C 10, C 20, C 30, i^c, are 
transferred to the Line CD, prodilced by defcribing 
the Arcs lo, 10 : 20, 20 : 30, 30 : £ffr. If 
from I o, 20, 30, l£c. the Di vifions of the Qua- 
drant BD there be let fall Perpendiculars, let thefe 
be transferred to the Radius CD, and we fhall have 
the Sines of 10, 20, 30, i^c, and if from A we 
defcribe the Arcs 10, 10: 20, 20; 30: 30, 6?c. 
from every Divifion of the Arc AD ; welhall have 
a Line of Chords. The fame Way we may have 
the Sine Tangent, 6fr. to every fingle Degree on 

the 
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the Quadrant, by fiibdividing every, of the 9 for- 
mer Divifions imo 10 ecmal Parts. By this M^hod 
the Sines^ Tangents, ^c, may be drawn to ihy 
Radius ; aiiA if ifter they be tf anisferred to Lines on 
^ Rule, we . (hall have the Scales of Sines, Tan- 
gents, £5?^. re^dyfotufe. 

Onc^niHg Scaks cf equM Parts. 

if an Inch be divided ihto any affighed Nuriiber 
of equal Parts, and if th^fe Parts be continued oh 
in a right Line, and if the laft of thtrri be fubdt- 
vided \n\sj 10 equal Parts, and tfence if the firft 
Divifions be numbered with i, 2, 3, 4, &?f. asfar 
as the Ruler upon which they are transferred will 
admit, the Scale is cdmpleated. 

Thefe Numbers i, :2, 3, 4, ^c. ufually ftand 
for 10, 20, 30, 40, £s?r. and every one of the 
Subdivifions is called i : But if the Numbers i , 2, 
3, 4, £5?^. be called 100, 200, 300, 400, i£c, then 
every one of the Subdivifions will be 10, and the 
Units muft be guefled at» 

On one Side of mod Surveying Scales, there are 
Lines, or Scales, marked at the End with 50, 45, 

40> iSt 3^> ^5) ^5> ^^5 ^^d fometimes with 
other Numbers ; thefe are Scales of fo many Parts 
to an Inch, (whether of Feet, Yards, Perches, or 
Miles,) as the refpeftive Num1t)er at the End of 
each exprefles ; but in the Surveying Way, they 
are counted to be fo many Perches to an lach, and 
fometimes fo many Feet to an Inch. 

On the contrary Side there are two Scales, one of 
•10, and the other of 20 ; or one of 100, and the 

I < oth^r 



58 G E O M E T R I C A L, &c. 

other of 200 ; or one of 1000, and the other of 
2000 Parts to an Inch, diagonally ^vided; (a 
View of the Scale will make all eafy :) The firft of 
thefe Surveyors call a Scale of 10, and the other a 
Scale of 20 Perches to an Inch V and. are thus count- 
ed : Every large Divifibn is 10, every one of the 
Subdivifions is i, and every one downwards is 
one tenth of a Perch ; or fpmetimes thus, every 
large Divifion is called 100, every Subdivifion 10, , 
and every one downwards 1 : Or again, frequently 
by Navigators ^ every large Divifion is called 1000^ 
every Subdivifion 100, every one downwards 10, 
and the tenth Par( of the Diftance between the 
Lines i. 

Hence it is eafy to meafure the Length of any 
Line, knowing the Scale by which it was laid 
down ; and on the contrary, to fet off any given 
Diftance, from any Scale^ 
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IF ta a Series of Numbers in Geometrical Progref- 
Jim-, whofe common Ratio is lo, and firft 
Term i ; we annex another Series of Numbers in 
Arithmetical Progrejfim^ whofe firft Term is o, and 
common Difference i > Thefe latter N\unbers will 
be the Logarithms of the former, 

Numbers. Logarithms. 

I o.aoooo 

10 i.ooooo 

lOQ 2.00000 

lOOO 3.0000Q 

1 0000 4..oocxx>, tSc. 

If feveral Geometrical Means be taken, and the 
like Number of Arithmetical ones, to the corre- 
fponding Numbers, the latter will be the Loga-^ 
rithms of the former. 

The Nature therefore of Logarithms i§ fucJl* 
that Addition of them anfwers to the Multiplica- 
tior; of their correfponding Numbers; and Sub- 
traction to Divifion ; That is, when two Numbers 
propofed are to be rriultiplied into each other, if 
we take the Logarithms anfwering to thofe Num- 
bers, and add them^ together, the Sum will be the 
Logarithm anfWertng to the Number, which is th? 
Produft of the two propofed Numbers^ 

\ Q^ Again, 
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Again, when one Number is propofed to be dir 
vided by another ; if from the Logarithm of the 
Dividend, we fubftraft the Logarithm of the 
Divifor, the Remainder (hall be the Logarithm of 
the Quotient, 

Moft Tables of Logarithms contain the Loga- 
rithms of all Numbers from i to loooo, the Co- 
lumn marked at the Top N, is that in which ypu 
mull find your Number ; in the fame Line with 
which, in the adjacent Column, i^ tfie Logarithn^ 
of that Kuoiber, 

Example. 
Required the Logarithm of $^5. 
Anfwer, 2.56229. 

And though moft Tables of Logarithms rui^ but 
to 1 0000, yet by them the Log. of a^y Number 
iiot exceeding 10,000,000 may be found, andpn 
the contrary, the Number to any fuch Logarithm, 
thus, 

1 . Find the Log. of the firft four Figures of the 
given Number. 

2. Take that Log. from the Log, of the Number 
next following, and note their Difference. 

3. Multiply that Difference by the remaining Fi- 
gures of the given Number; and from the Produft, 
cut 6fF as many Figures as remain in the given 
Number, or as the given Number is more than four 
(counting from the Right to the Left) as in De- 
cimals, 

4. The 
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. 4. The whole Number in the Pro4u6t, added to 
the firft Log. is the Log. reqiiired ; but the firft 
Figure, which is called the Index, or Charafterif- 
tick, ipuft be changed ; and always be one lefe than 
the Number of Figures in the Logarithm. 

Example I, 
Reqiired the Logarithm rfthe Number 3567894. 

The Log. of 3567, which are the firft four Fi- 
gures is 3-552^30 

The Log. of the following or next Number, viz. 
3568 is 3-55H^ 

Their Difference, r - ^ ' ^ 12 
Mult, by the remaining Fig. m. .894 

G]Lit off 3 Fi^es, be^aufe 894 is 3 Figures, 
jind the Product Ml, - - - - 10.728 

To which add the f?rft Log. 355230 

Their Sum is 3. 55240 

But becaufe the given Number confifts of 7 Fi- 
gures, the Index muft be one lefs which is 6 ; fo 
the above Index 3, muft be changed to 6, and we 
have 6.5524QtheLog. of 3567894 required. 

Example U. 

Required the Log. of the Number 125607. 
The Log. of 1 256 is 2-^9^99 

•JThe next Log. following is 3-09934 

Theif 
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Their Diflference is - - , ^5 

Multiply by ,07 the remaining Figures .07 

Produft - - . - - 2.45 

To which add the firft Log. 3^9^99 

Their Sum is - - • 3.09901 

Becaufe the given Number confifts of 6 Places, 
diangethe laft Index to 5, which is one fefe than 
the Places in the given Number ; and you have 
5.09901, the Log. of 125607 required. 

Becaufe any Number confifting of both Integers 
and Decimals, is equal to the Quotient of the 
vfhole confidered as an Integer, divided by the 
Denominator of the Decimal Part ; and fince by the 
Nature of Logarithms, Subftradtioa in them anfwers 
the Quotient of other Numbers -^ therefore it fol- 
lows, that when a Number is given confifting of 
Integers, and Decimals, we can find its Log. thus : 
Find the Log. of the whole confidered as one Inte- 
ger ; then from that, take the Log, of the Denomi- 
nator of the Decimal Part : or (which is the fame 
thing) from the Index of the Log. of the whole con- 
fidered as an Integer, fubftratt a Number lels by 
cne, than the Number of Places in the Denomina- 
tor of tlie Fraction, and the Remainder will be the 
Lo2^. required ^ or the Index of the Log. muft be % 
U&y than the Number of Figure^ in the Integer t» 
which tlic Decimal is annexed. 

E X A M P L E I. 

Vr:::«a io ilieLog. of the Number 36.5.^ 
F:nd the Log. of 365, v.liich is 2.56229 : thenbc- 
cc^aie loisthcDenominjitor of the Decimal Part of 
ihc propolid Number, and i. 00000 its Log. 
:h::rtfore from 2.5(5 229, take 1 .ooooo, and there re- 
r.'o.ir.s 1 .562^9 the Log. required. Or, 
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Or, becaufe the whole Number confifts of two 
Figures, the Index of the Log. muft be one lels, 
and is therefore 1.56229, as before. 

Example II. 

What are the Logs, of 6543, 654.3, 6543* 6.543, 
•6543, .06543 and .006543 ? 

6543 .... 3-81578 

654.3 2.81578 

65.43 1. 81578 

6.543 081578 

.6543 9181578 

.06543 8^1578 

.006543 7-81578 

For the Log. of a Decimal Fradion is the fame 
as that of an Integer ; only the Index is Negative, 
and is fo much lefs than o. as the Place of the Decimal 
is removed from Unity ; and thofe Indices may be 
diftinginihed from abfolute ones, by fetting a Nega- 
tive Sign over them, as above. 

Tojind the Number of a given Logarithm. 

Look for the given Log. amongft the Logs from 
1000 to 1 0000 (not regarding the Index or firft. 
Figure) and if you find the exaft Log. you want, 
you have, in the Margin the required Number. 
But if the Index of the given Log. be lefe than 3, 
cut off from the Number found, *as many Figures 
as it is lefs ; and the Figures fo cut off will be De- 
cimals, and the others Integers. Or if the firft 
Figure, or Index, be greater than 3, add as many 
Cyphers to the Number found as it is more, and 
you have the Number required. ' 

Exam- 
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Examples. 

Find the Numbers correfpondieiit to the follow- 
ing Logarithms. 

Given Logarithms. Numbers. 
5.55230 Anfwer 356700. 

4-55230 — 35670. 

3-55^30 — 3567- 

^-55^30 — ' 356.7 
^-55^30 — 35-67 

£155230 — 3-567 

9J5^3^ — 3567 

8^5230 — .03567 

T'55^3^ —• -003567, R\ 

But if the exa£t Log. canitot be found in thd 
Table, and the Number of Figures required, ex- 
ceed four, then 

1 . Find as before (not regarding the Index) the 
Log. anfwering to the firft four Figured, but left 
than the given Log. 

2. Take that from the given one, and if the 
Remainder do not confift of two Figures, prefix a 
Cypher to it i and after thefe two Figuires annex 
three Cyphers, fo ^ill you have five Figures for a 
Dividend. 

3. Divide that by the Difference between the 
Log. found, and the next following, and if your 
Quotient do not confift of three Figures, prefix a 
Cypher or Cyphers to make it ; which three Fi- 
gures place after the firft four found. 

Then obferve the Index of the given Log. 
which ftiews how many Figures muft be Integers* 
and how many Decimals ; for the Number of In- 
tegers 
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tegers is one more, than the given Index, as 
before. 

Example I. 

I. Required the Number of the Log. 4.55241 

The neareft Log. which is lefs is 3-55^30 

its Number is 3567. 

The Difference of thefe with three Cyphers is 
for a Dividend 1 1000 
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The Log. found 3-55^3^ 

The next Log. S-SS'^A^ 

ft 

Their Difference will give for a Divifor i z 

i2)iicx)o(9i6 Quotient 
108 



20 
12 



80 



Which Quotient place after the firft four Figures 
found, and you have 3567916; and becaufe the 
Index is 4, the; Number will be 35679.16 re-- 
quired. 

2. Required the Number anfwering to the Log. 

5.09901. 

The neareft Log. to which is 3.09899 it»No. 1256 

Dividend 02000 

K Log. 
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Log. found 3:09899 ' 

Next Log. 3-09934 

35 Divifor 35)02000(57 



250 
245 



Bccaufe the Quotient confifts of but two Figures, 
prefix a Cypher to it to make it three, and it is 057 : 
which annexed to the firft four found, is 1256057 ; 
and becaufe the Index of the given Log. is 5, its 
Number will be 125605.7. 

From what has been faid on this Head, the fol- 
Ic^ving Problems may eafily be folved by Loga- 
rithms, viz, 

y P RO B. v 

Multiply 134, by 25.6 

To Log. of 134 2.1 2710 

Add the Log. of 25.6 1.40824 

Sum 3-53534 

The Number anfwering to which Sum, viz. 
3430, is nearly the Product of 134 by 25.6 and 
is the Anfwer. 

Again, Multiply 2:14 by 36. 

To 
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^ To Log. of 234 2.36922 
Add the Log. of 36 ^55630 ^ 

Sum 3.92552 its Number 

is 8424 required, 

PROS. II. 

What is the Quotient of 828 by 23 ? 

From the Log. of 828 2.91 803 
Take the Log. of 23 1-36173 

Difference 1.55630 its Number 

^6^ the Quotient reqirired. 

Again, what is the Quotient of 30550 by 47 ? 

From the Log. of ^oggo 4.48501 
Take the Log. of 47 i. 67210 

2.8 1 291 its Number 



is 650 the Quotient required. 

P RO B. ni. 

■ 

Three Numbers in a diredt Proportion given, 
to find a Fourth. 

From the Sum of the Logarithms of the fe- 
cond and third Numbers ; deduft the Logarithm 
of the firft, the Remainder will be the Logarithm 
of the fourth required. 

K 2 Exam- 
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Example I. 

Let the three propofed Numbers be 36, 48, 66, 
to find a fourth proportional. 

To Log. of 48 1 .68 1 24 
Add Log. of 66 1.8 1954 

Produft 3.50078 

Take Log. of 36 1.55630 

1.94448 the Number is 88, 
the fourth required. 

Again, let three Numbers be 240, 1440, 1230, 
to find a fourth proportional. 

To the Log. of 1440 3.1583$ 
Add the Log. of 1230 .3.08991 



From the Produd 6.24827 

Take the Log. of 240 2.38021 

3 . 8 6 8 06 its Numben 

7380 the 4th required. 

PROS. IV. 

To find the Square of any given Number. 

Multiply the given Numbers Logarithm by 2t, 
and the Product is the Logarithm of its Square. 

Exam- 
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Example. 

r 

Required the Square of 36.- 

Log. of 36 ^'55^3^ 

Multiply by z 

m ' \ ' 

3.11260 

: its Number 1 2g6 the 

Square required. 

P RO B. V. 

To extraft the Square Root of any given 
Number. 

Take half of the Logarithm of the Number, and 
that is the Logarithm of its Square Jloot. 

E X AM P L E. 

Required Ha^p Square Root of 1 296. 

Log. of 1 296 3.1 1 261 

Its half is ^-55630 its Number is 36, 

the Square Root of the Number required. 

By the Manner of projeding the Lines of 
Chords, Sines, Tangents and Secants (being Prob* 
20 of Geometry) it is evident, that if the Radius 
be fuppofed any Number of equal Parts (as 1000 
or 1 0000, £5?f.) the Sine, Tangent, C^c, of every 
Arc, muft confift of fome Number of thofe equal 
Parts ; and by computing them in Parts of the Ra- 

dlU6, 
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dius, we have Tables of Sines, Tangents, £5?^. to 
every Arc of the Quadrant called natural Sines, 
Tangents, £5?^. and the Logarithms of thefe, give 
us Tables of logarithmic Sines, Tangents, ^c. 
and fuch are ufually bound up with Logarithms of 
Numbers. 

In which you may obferve, that each Page is di- 
vided into 8 Columns, the firft and laft of which 
are Minutes, and the intermediate ones contain the 
Sines, Tangents and Secants, the upper and lower 
Columns contain Degrees, the Column of the Mi- 
nutes on the left Hand of each Page, anfwers to 
the Degrees in the Top Column ; and the Sines, 
Tangents and Secants belonging to thofe Degrees 
and Minutes, are in the Columns marked at the 
Top with the Words Sine, Tangent, and Secant ; 
the Column of Mnutes on the right Hand of each 
Page anfwers to the Degrees in the Bottom of the 
Page ; and the Sines, Tangents and Secants, an- 
fwering to thofe Degrees and Minutes, are in the 
Colums, marked at the Bottom with the Word 
Sine, Tangent, Secant ; the Degrees in the Top 
Column beginning at o, proceed to 44, where they 
end ; and thofe at the Bottom of the Page begin at 
8 9, and proceed to 45 in a decreafing Series ; the 
Degrees in the different Columns being the Com- 
plement of each other. From what has been faid, 
v/e may eafily find the Sine, Tangent or Secant 
of any Arc from the Tables, by looking for the 
given Number of Degrees, at the Head or Foot of 
the Page, according as they are lefs or greater tliati 
45, and in the proper Side Column for the odd 
Minutes, if there be any ; then below or above 
the Word Sine, Tangent or Secant, and on the 
fame Line with the Minutes, we fhall have that 
v/kich was required. 

E X A M- 
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Example L 
Required the Sin,e of 36 Degrees 4c Minutes. 

Look at the Head of the Page for ^6 Degrees, 
and in the Side Column on the left Hand, for 40 
Minutes ; then below the Word Sine, on the fame 
Line with 40, we find 9.77609; which is that 
required. 

Example II. 
Required the Tangent of 54 Degrees ^o Minutes. 

Look at the Foot of the Page, (becaufe the pro- 
pofed Degrees are more than 45.) for 54 Degrees, 
and in the right Hand Column for 30 Minutes ; then 
in the Column marked Tangent at its Bottom, and 
on the fame Line with the 30 Minutes, in the Side 
Column, we find 10,14673, which is the Log-tan- 
gent required. 

The Reverfe of this, viz. The Logarithm ot" a 
Sine, Tangent, or Secant, being given, to find the 
Arc belonging to it, is performed by only looking 
in the proper Column for the nearefl: Logarithm to 
that propofed, and the Degrees and Minutes an- 
fwering thereto, are thofe required. 

We will now fhew how any Sine, Tangent, or 
Secant may be had, tho' the Figures in the Tables 
were defaced, mifprinted, or obliterated- 

P R O B. I. 

To find the Tangent which is defaced, by the 
Sine and Co-fine. 

The 
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The Co-firie taken from the Sine added to 90, or 
Radius, which is 10.00000, the Remainder is the 
Tangent, (by Part i . Theo. 24.) 

Example. 

I. Suppofe the Tangent of 41°. 20^, was defaced, 
but the Sine and Co-fine of it vifible. 

From the Sine of 41°. 20^+10.00000, 
or Radius; — — _ _ 19-81983 
Take the Co-fine of 41^. 2o^ 9-87557 

The Rem. is the Tan. of 41^.20^ req. viz. 9.94426 



^. To find a Sine which is mifprinted, by Help 
of the Co-fine and Tangent. 

From the Sum of the Tangent and Co-fine, take 
10.00000, or Radius, or (which is the (ame Thing) 
cut off the firll Figure of the Index, the Remainder 
is the Sine required, (by Part 2. Theo. 24.) 

Example. 

Suppofe the Sine of 46°. 50' was defaced, but 
the Tangent and Co-fine vifible. 

To the Tangent of 46°. 50^ 10.02781 

Add the Co-fine of 46°. 50^ 9-83513 

Their Sum is the Sine of 46°. 50^ req. viz, 9.86294 

The Co-tangent and Co-fme of any Arc may be 
had by the fame Method ; the Complement of any 
Degree, being only its Refidue from 90, or a 

Qmdrant 
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Quadrant, as before obferved, (by Theo. 24. Part 
3 and 4.) 

3. To find a Tangent by the Help of a Co-tan- 
gent only. 

From twice the Radius, which is 20.00000 ; 
take the Co-tangent, the Remainder is the Tangent, 
(by Theo. 24. Part 5.) 

Example. 

Required the Tangent of 29*^. 50^ being defaced, 
as alfo the Sine and Co-fine defaced, by the Co-tan- 
gent only. 

From twice the Radius, 20.00000 

Take the Co-tangent of 29®. 50^ 10.24148 

The Rem. is the Tang, of 2p\ 50^ req. 975852 

4. To find the Secant, by the Help of a Co- 
fine ; which may be found of great Ufe, when a 
Table of Sines and Tangents can only be had. 

From twice the Radius, which is 20.00000 take 
the Co-finc, and the Remainder will be the Secant, 
(by Theo. 24. Part 6.) 

Example. 

Reqmred the Secant of 57^. 20^ by the Help of 
the Co-fine only. 

From the double Radius, 20.00000 

Take the Co-fine of 57^. 20^ 9-73219 

The Rem. is the Secant of 57^ 20^ req. 10.26781 

L '5. To 
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5. To find a Secant by the Help of the Sine 
and Tangent. 

From the Tangent added to Radius, take the 
Sine, the Remainder will be the Secant, (by Theo. 
24. Part 7.) 

E X A M p L e: 

Required the Secant of 57^. 10^ by Help of the 
Sine and Tangent. 

Fr<5m the Tan. of 57®. 20^+ laooooo 
the Radius, 20. 19303 

Take the Sine of 57^. 20^ 992522 

The Rem. is the Secant of 57^ 20^req. 10.26781 



The Secants in thefe Tables might have been 
omitted, becaufe all Proportions in which they are 
concerned may be wrought by Sines and Tangents 
only, as (hall be fhewn in the feveral Cg^ of 
Plane Trigonometry ; and are here only Inferted 
that all the various Methods of refolving Triangles 
may be fhewn. 
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SECT. 11. 



Cmtatning Plane trigonometry^ right-angled and 
oblique 'j with its Application in determining 
the Meafures of inacce£ibk Heights and Dy- 
tances. 



PLANE TRIGONOMETRY, 

IS the Science of meafuring the Sides and An- 
gles of Plane Triangles. It is divided into two 
Parts, viz, into Re^angular and Oblique angular 
Trigonometry^ becaufe every Triangle is either 
right-angled or oblique \ and therefore we ftiall be- 
gin with 

RECTANGULAR TRIGONOMETRY. 

«. 

Plate V. Fig. i. 

I . In every right-anglecl Pljine Triangle ABC, if 
the Hypothenufe AC be made the Radiu?, ^ apd 
with it a Circle, or an Arc of one, be defcribed 
from each End; it i? plain (from Def 22.) that 
BC is the Sine of the Angle A, and AB is the 
Sine of the Angle C ; that is, the Legs are the 
Sines of their oppofite Angles. 

L 2 2. If 
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Plate V. 

2. If one Leg AB be made the Radius, and 
with it, on the Point A, an Arc be defcribed ; then 
BC is the Tangent, and AC is the Secant of the 
Angle A, by Def. 24 and 25. Fig. 2. 

3. If BC be made the Radius, and an Arc be 
deicribed with it on the Point C ; then is AB the 
Tangent, and AC is the Secant of the Angle C, as 
before. Fig. 3. 

Becaufe the Sine, Tangent, or Secant of any 
given Arc in one Circle, is to the Sine, Tangent, 
or Secant of a like Arc (or to one of the like 
Number of Degrees,) in another Circle ; as the 
Radius df the one is to the Radius of the other ; 
therefore the Sine, Tangent, or Secant of any Ajtc 
is proportional to the Sine, Tangent, or Secant 
of a like Arc, as the Radius of the given Arc is 
to lo.oqooq, the Radius from whence the Loga- 
rithmic Sines, Tangent? and Secants, in moft Ta- 
bles, are calculated, i. €. 

If AC be made the Radius^ the Sines of the 
Angle A and C, defcribed by the Radius AC, 
will be proportional to the Sines of the like Arcs, 
or Angles in the Circle, that the Tables now men- 
tioned were calculated for. So if BC was required, 
having the Angles and AB given, it will bie! 

Fig. I- 

As S.C ; AB : : S.A : BC. 

i. e. As the Sine of the Angle C in the Tables, is 
to the Length of AB ; (or Sine of the Angle C, in 
a Circle whofe Radius is AC) ; fo is the Sine of 

tlie 



L 



h- 



N 



PLANE TRIGONOMETRY. 77 

Plate V. 

the Angle A in the Tables, to the Length of BC. 
(or Sine of the fame Angle, in the Circle, \Yhofe 
Radius is AC.) 

In like Manner, the Tangents and Secants, re- 
prefented by making either Leg the RacBus ; 
will be proportional to the Tangents and Secanti 
of a like Arc, as the Radius of the given Arc is 
to lO.ooopQ, the Radius of the Tables aforefaid. 

Hence it is plain that if the Name of each Side 
of the Triangle be placed thereon, a Proportion 
will arife to anfwer the fame End as before : Thus 
if AC be made the Radius, let the Word Radius 
be wrote thereon ; and as pC, and AB, are the 
Sines of their oppofite Angles ; upon the firft let 
S. A, or Sine of the Angle A, arid on the other, 
let S.C, or Sine of the Angle C, be wrote : Then 
if a Side be required, it may be obtained by thisf 
Proportion, viz. 

As the Word on the Side given. 

Is t9 the Side given, 
So is the Word on the Side required 
* to the Side required.' 

Thus if tjie Angles A and C, and the Hypo- 
thenufe AC were given, to find the Leg$ ; the 
Proprotions will be 

1. R: AC : :S.A:EC. Fig* i. 

That is, as Radius is to AC ; fo is the Sine of the 
Angle A, to BC. And, 

2. R : AC : : S. C : AB. 

That is, as Radius is to AC ; fo is the Sine of the 
Angle C, to AB. 

But 
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But when an Angle is reqmred, wc ufethis Pro- 
ponica, ztz. 

As the Side that is niadethe Radius, 

is to Radiis ; 
So is the other given Side, 

to the Word upon it. 

Thus if the Legs were given, to find the Angle 
A, and if AB be made the Radius, it will be, 

AB : R : : BC : T. A. Fig. 2. 

That is, as AB, is to Radius ; fo is BC, to the 
Tangent of the Angle A. 

After the feme Manner, the Sides or Angles of 
all rlg^t-angled plane Triangles may be found, 
firommeir proper Data. 

We here, in Plate 4, ^ve aU the Proportions re- 
quifite for the Solution of the fix Cafes in Redk- 
angukr Trigonometry ; making every Side poffible 
the Radius. 

In the following Triangles this Marie — ^ in an 
Angle, denotes it to be known, or the Quantity of 
Degrees it contains to be given ; and this Marie * 
on a Side, denotes its Length to be given, in Feet, 
Yards, Perdies, or Miles, &?r. and this Mark % 
cither in an Angle, or on a Side, denotes the An- 
gle or Side required. 

Prom 
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Plate V. 

From thefe Proportions it may be obfcrvcd; 
that to find a Side, when the Angles and one 
Side are given, any Side may be made the Radius : 
And to find an Angle, one of the given Sides mufl 
be made the Radius. So that in the ift, 2d, and 
3d Cafes, any Side, as well required as given, may 
be made the Radius, and in the firft Statings of 
the 4th, 5th and 6th Cafes, a given Side only is 
made the Radius. 

RECTANGULAR TRIGONOMETRY. 

C A S E V 



T 



HE Angles and Hypothenufe given^ to find th 
Bafe and Perpendicular, Fig. 4. 



In the right-angled Triangle ABC, fuppofe the 
Angle A 46''. 30^ and confequently the Angle C 
43"^- 30^- (by Cor. 2. Theo. 5) ; and AC 250 Parts, 
(as Feet, Yards, Miles^ &c) required the Legs 
AB, and BC. 

Geometrically. 

Make an Angle of 46^. 30^, in bUmk Lines, (by 
Prob. 16. Se£t. 1) as CAB ; lay 250, which is the 
given Hypothenufe, from a Scale of equal Parts, 
from A to C ; from C, let fall the Perpendicular 
BC, (by Prob. 7. SeA. i.) and that will conftitute 
the Triangle ABC. Meafure the Lines BC, and 
AB, from the fame Scale of equal Parts, that AC 
was taken from ; and you have the Anfwer. 

By 



■bk 
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By CalculanoH. 



I . Making AC the RoShs^ the required Sides arc 
found by thcfe Proportions, as in Plate 4, Cafe i . 

R : AC : : SA : B.C. 
R : AC : : SC : A.B. 

i. e. As Radius 90^ 

is to. AC, 250 
So is the Sine of A 46**. 30* 



toBC, 



181. 4 



10.00000 

2.39794 . 
9.86056 



2.25850 



As Radius, 90^ 

is to AC, 250 

So is the Sine of C 43"*. 30^ 

to AB, ' 172. I 



10.00000 

2.39794 
9.83781 

2.23575 



If from the Sum of the fecond and third Logs, 
that of the firft be taken, the Remainder will be 
the Log. of the fourth ; the Number anfwering to 
which will be the Thing required ; but when the 
firft Log. is Radius, or 10.00000, rejeft the firft 
Figure of the Sum of the other two Logs ; (which 
is the fame Thing as to fubtraft 10.00000) j and that 
will be the Log. of the Thing required. 

2. Making AB the Radius . 

Secant A : AC : : R : AB. 
Secant A : AC : : T. A : BC. 

i. e. 



/ih 



1, e. 
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As the Secant of A 46''. 30^ i o. 1 6 2 1 9 

250 a.39794 



is to AC 
So is Radius 



90' 



toAB 

As the Secant of A 

is to AC 
So is the Tangent of A 



172. I . 

250 
46^. 30^ 



to EC 



181 . 4 



10.00000 



12.39794 

2-23575 

■■iBaaaaiiMBaaHaBiiBa* 

IO.I62I9 

2.39794 
10.02275 

1242069 

^■■■^■■••.•.■"■•■■^ 

2.25850; 



3. Making BC the Radius. 
Sec. C : AC : : R : BC. 
Sec. C : AC : : T. C : AB. 

i. e. As the Secant of C 43^. 30^ 

' is to AC 250 

So is Radius 90^. 



10.13944 

2.39794 
1 0.00000 

12.39794 



toBC 



181 . 4 2.25850 



As the Secant of C 43®. 30^ 

is to AC 250 

So is the Tangent of C 43°. 30* 



10.13944 

2.39794 

9-97725 

to AB 172 .1 2.23575 

Or having found one Leg, the other may be ob- 
tainedby Cor. 2. Theo. 14. Se6t. i, 

Bj Gunter'i iSr^fe. 
On this Scale there are Lines of Numbers, Sines, 

M and 



:4V 
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and Tan. asweH as Lines of Sine and Tan. RumbS, 
Verfed Sines, Meridional Parts, and Equal Parts : 
But the three firft Lines are fufficient for our pre- 
fefit Purpofe. 

The Divifions on thefe refpedtive Lines, are the 
Logarithms of Numbers, Sines and Tangents, ta- 
ken from a Scale of equal Parts, and applied on the 
Lines of the Scale. 

The firft and third Terms in the foregoing Pro-^^ 
portions being of a like Nature, and thofe of the 
fecond and fourth being alfo like to each other ; 
and the Proportions being direft ones, it follows ; 
that if the third Term be greater, or lefs than the 
firft, the fourth Term wiU be alfo greater or left 
than the fecond : Therefore the Extent in your 
Compafles from the firft to the third Term, will 
reach from the fecond to the fourth. 

Thus, to extend the firft of the foregoing 
Proportions ; 

1 . Extend from 90^ to 46° . 30^ on the Line of 
Sines -, that Diftance will reach from 250 on the Line 
of Numbers, to 181,. for BC 

2. Extend from go"" to 43"* . 30^ on the Line of 
Sines ; that Diftance will reach from 250 on the Line 
of Numbers, to 172, for AB. 

If the firft Extent be from a greater, to a lefe 
Number ; when you apply one Point of the Com- 
pafles to the fecond Term, the other muft be turned 
to a lefs J and the contrary. 

By Def 22. Seft. i. The Sine of 90^ is equal to 
the Radius ; and the Tangent of 45° is alfo equal 
to the Radius j becaufe if one Angle of a right- 
angled 



^ 
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angled Triangle be 45°, the other will be alfb 45^ ; 
and thence (by the Lemma preceding Theo. 7. 
Sed. I .) the Tangent of 45® is equal to the Ra- 
dius : For this Reafon the Line of Numbers of 
10.00000, the Sine of 90°, and Tangent of 45*^, be- 
ing all equal, terminate at the fame End of the 
Scale J where there are fmall Brafs Centers, ufually 
placed to preferve the Scale. 

It was faid before, that the Tangents ended at 
45° ; but becaufe the Logarithms of Tangents more 
than 45®, mull pafs off the Scale ; fuch Diftances 
therefore as exceed 45°, are fet backwards from 45, 
and numbered 50, 60, 70, 6?^. 

There is no Line of Secants on the Scale ; 
for every Thing requifite, can be performed 
without them. 

Thus the two firft Statings of this Cafe anfwer the 
Queftion without a Secant : The like will be alfo 
made evident in all the following Cafes. 

CASE II. 

*The Bafe and Angk given ; to find the Perpendicular 

and Hypthenufe. 

Plate V. Fig. 5. 

In the Triangle ABC„ there is the Angle A 
42*. 2o\ and" of Courfe the Angle C 47°. 40', (by 
Cor. 2. Theo. 5.) and the Leg, AB 190, given ; 
to find BC and AC. 

Geometrically. 

Make the Angle CAB (by Prob. 16. Seft. i,) in 
blank Lines as before. From a Scale of equal Parts 
lay 1 90 from A to B ; on the Point B ere£t a Per- 
pendicular BC (by Prob. 5. Sed. i.) the Point 

M 2 where 
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where this cuts the other blank Line of the Angle, 
will be C ; fo is the Triangle ABC cbnftrufted : 
Let AC, and BC be meafiired, from the fame 
Scale of equal Parts, that AB was taken from, and 
you have the anfwcir, 

Sy Calculation, 

I . Making AC the Radius^ 

S. C : AB- : : R : AC 
S. C : AB : : S. A. BC. 
i. e. As the Sine of C 47°. 40^ 9.86B79 

istoAB, 190 2.27875 

So is Radius, 90*^ 1 0.00000 

12.27875 



to AC, 257 2.40996 

As the Sine of 47°. 46^ 9.86879 

is to AB 190 2.27875 

So is the Sine of A 42^ 20^ 9.82830 

12.10705 



to BC, 173. !• 2.23826 



^— ^ 



2. flaking AB the Radius. 

R : AB : : T. A : EC 
R : AB : : Sec.A : A.C 
i, e. As Radius 90^^ lo.ooboo 

istoAB, 190 2.27875 

So is the Tangent of A 42*^. 20^ 9-9595^ 

toBC 173. I 2.23827 

As 



PLANE TRIGONOlVffitRt. 



85 



As Radius, 
is to AB, 
So is the Secant of A 

to AC 



yf IO.OOOCX> 

190 2.27875 

42^ 20^ IO.I3I2I 



^57 



2.40996 



3. Makif^ BC the Radius. 

T. C : AB : : Sec. C : AC 
T. C : AB : : R : BC. 

i. e. As the Tangent of C 47'. 40^ 
is to AB, 190 . 

So is the Secant of C 47"^. 40^ 



to AC, 



^57 



10.04048 

2.27875 

10.17170 

12.45045 

2.40997 



As the Tangent of C 47^. 40^ 

is to AB, 190 

So is Radius, 90** 



toBC, 



173- I 



10.04048 

2.27875 

10.00000 

tmmmmmmmmmmmmimmmm 

12.27875 

2.23827 



Or having found one of the required Sides, the 
other may be obtained, by one or the other of the 
Cors. to Theo. 14. Seft. i. 

By Gunter's Scak. 

I. When AC is made the Radius. 
Extend from 47"^ 40^ to 90"", on the Line of 

Sines j 
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Sines ; that Diftance will reach from 190 to 257, 
on the Line of Numbers, for AC. 

2. When AB is made the Radius, the firft Sta- 
ting is thus performed. 

Extend from 45® on the Tangents, (for the Tan- 
gent of 45^ is equal to the Radius, or to the Sine 
of 90, as before) to 42"*. 20^ ; that Extent will 
reach from 190, on the Line of Numbers, to 175, 
forBC. 

3. When BC is made the Radius, the fecond 
Stating is thus performed. 

Extend from 47^ 40^, on the Line of Tangents, 
to 45*^, or Radius ; that Extent will reach from 1 90 
to 1 7 3, on the Line of Numbers, for BC ; for the 
'Tangent of 47^ 40^ is more than the Radius ; 
therefore the fourth Number muft be lefs than the 
fecond, as before. 

The two firft Statings of this Cafe, anfwer the 
Queftion without a Secant. 

CASE in. 

Ih Angles and Perpendicular given ; to find the Baft 

and Hypothenuje, 

Plate V. Fig. 6. 

In the Triangle ABC, there is the Angle A 40% 
and confequently the Angle C 50°, with BC 172, 
given to find AC and AB. 

Geo- 



PLANE TRIGONOMETRY. 87 

Geometrical^. 

Make^an Angle CAB of 40° in blank Lines ; (by 
Prob. 16. Seft. i.) with BC 172, from ^ Line of 
equal Parts, draw the popped Lines EF parallel to 
AB (by Prob. 8. Seft. i.) the lower Line of the 
Angle, and from the Point where it cuts the other 
Line in C, let fall a Perpendicular BC (by Prob. 7. 
Seft. I.) and the Triangle is conftru<aed : The 
Meafures of AC, and AB, from the fame Scale that 
BC was taken, will anfwer the Queftion. 

What has been faid in the two foregoing Cafes, 
is fufficient to render the Operations in this, both 
by Calculation and Gunter's Scaky fo obvious, that 
it is needlefs to uifert them ; howeyer, for the fake 
of the Learner, we give for 

Anfwer, AC 264. 5, and AB 202. 6. 

» 

CASE IV. 

^he Bafe and Hypothemfe given ; to fnd the Angles 

and Perpendiailar. 

Plate V. Fig. 7/ 

In the Triangle ABC, there is given, , AB 300, 
and AC 500 : The Angles A and C, and the Per- 
pendicular BC, are required. 

Geometrically, 

From a Scale of equal Parts, lay 300 from A, to 
B ; on B eredt an infinite blank perpendicular Line, 
with AC 500, from the fame Scale, and one Foot 
of the Compafs in A, crofs the perpendicular 
Line in C j and the Triangle is conftrui5ted. 

By 
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. By Prob. 17. Se£k. i. Meafure the Angle A, and 
let BC be meafured from the fanie Scale of .equal 
Parts that AC and AB were taken from ^ and 
you have the Anfwer. 

By Calculaim. 

I . Making AC the Radius. 

AC :R: : AB :S.C. 
R: AC : : S.A : BC. 

i. e. As AC 500 2.69897 ' 

is to Racius, 90^ io.oocxx> 

SoisAB 300 2.4771a 

12.4771J& 



to the Shie of C 36^ 52* 9778 15 

By Cor. 2. Theo. 5. 90''— 36^. 52^=53^ 08V 
the Angle A. 

As Radius, 90^ 10.00000 

is to AC, 500 2.69897 

So is the Sine of A 5^'', 08* 9-90301 

to BC, 400 2.60198 



2. Making AB the Radius. 

AB: R: : AC: Sec. A. 
R : AB : : T. A ; BC. 

Le. 
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i, e. As AB,^ 
i$ to Radius^ 

So is AC, 



300 

500 



2.47.71a 
lO.OOOOO 

2.69897 



9mmmm 



12.69897 



to the Secant pf A, 53^ 08* 10.22185 



As Radius 90® 

is to AB, 300 

So is theTahgent of A, 53°. 08* 



toBC, 



400 



10.00000 

2.47712 

10.12499 

2.6021 I 



OrBCmay be found froni Cor. i.'lheo. 14. 
Seft. I. 

By 'Gunicr's Scale, 

I. Making AC the Radius, 

Extend from 500 to 300, on the Line of Num- 
bers ; that Extent will reach from 90°. on the Line 
of Sines to 36**, 52^ for the Angle C. 

Again. Extend from 90°. to 53^ 08^, on the 
Line of Sines, that Extent will reach from 500 to 
400, on the Line of Numbers, for BC. 

2. Making AC the Radius the fecond Stating is 
thus performed. 

Extend from Radius, or the Tangent of 45", to 
53°. 08', that Extent will reach from 300 to 400, 
for BC. 

N . CASE 
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• CJSE'Y. 

7h Rrpatdiatlar and Hypothemtfe gtven^ to find tht 
Armies and Bafe. 

Plate V. Fig. 8. 

In the Triangle ABC, there is BC 306, and AC 
370, given ; to find the Angles A and C, and the 
Bafe AB. 

Geometrical^. 

iDraw a blank Line from any Point in which 
atB, ered a Perpendicular, on which lay BC 306, 
from a Scale of equal Parts : From the fame Scale, 
with AC 370, in the Compafles, crofs the firft 
drawn blank Line in A, and you have the Triangle 
ABC conftruaed, 

Meafurethe Angle A (by Prob. 17. Se6t. i.) ; 
and alfo AB, from the fame Scale of equal Parts 
the other Sides were taken from, and you have the 
Anfwen 

The Operations by Calculation, the Square Root, 
and Gunier's Scale are here omitted, as they have 
been heretofore fully explained : The Statings, or 
Proportions muft alfo be obvious, " from wlmt has 
already been faid. 

Anfwer. The Angle A ^s'', 48^ ; therefore the 
Angle C 34°. I2S and AB 208. 

CASE 
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CASE vr. 

fX^ Baft and PerfentScular given ; to find the Angles 

and l^pthettfife. 

Plate V. Fig. 9. 

In the Triangle ABC, there is AB 225, and BC 
272, given ; to find the Anglesj A and C, and the 
Hypothenufe AC, 



Geometrically. 

Draw a blank Line, on which l^y AB ^25, from 
A'Scak of equal Parts : at B eredt a Perpendicular, 
on which lay BC 272, from the fame Scale ; joia A 
and C, and the Triangle i§ conftruded, 

As before, let the Angle A, and the Hypothenufe 
AG be meafured 5 and you have the Anfwer. 

By Calculation. , 

I . Making 4B the Radius. 

AB : R : : BC : T. A. 
R : AB ; : Sec, A : AC. 

2. Making BC the Radius. 

BC : R : : AB : T. C. 
R. :BC: : Sec. C : AC 

By Calculation ; the Anfwer from the foregoing 
Proportions is eafily obtained, as before. 

N2 But 
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But becaufe AC, by either of the laid Proportions, 
is found by Means of a Secant ; and fince there is 
no Line cf Secants on Guniefs Scale ; after having 
found the Angles, as before, let us fuppofe AC the 
Radius^ and then 

I. S. A : BC : : R. : AC 
Or 2. S. C : AB : : R. : AC 

Thefc Proportions may be eafily refolved, either 
by Cakulatwrij or Gumer's Scale, as before ; and 
thus the Hypothenufe AC may be found without a 
Secant. 

From the two given L^, the Hypothaiufe 
maybe eafily obtained, from Cor. i. Theo. 14. 
Seft. I. 

Thus to the Square of AB=5o6£5 
Add the Square of BC= 73984 

i246o9(353=AC. 
9 



3^5 



703)2109 
2109 

From what has been faid on Logaritluns, it is 
plain, 

I . That half the Logarithm of the Sum of the 
' Squares of the two Sides, will be the Logarithm of 
the Hypothenufe. Thus 

The Sum of Squares, as before, is 1 24609 ; its 
Log. is 5.09554, the half of which is 2.54777 ; 

and 
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and the correfponding Number to this, in the Ta- 
bles, will be 353, for AC. 

2: And that half of the Logarithm of the Dif- 
ference of the Squares of AG and AB, or of AC 
and BC, will be the Logarithm of BC, or of AB. 

The following Examples are inferted for the Ufc 
of the Learner. 



I. Given, 



' 2. Given, 



3. Given, 



4. Given, 



5. Given, 



6. Given, 



'^^^A^^nfl^"^'^^ 



the Angle C 47°. 20' c AC . , 
AB 17 tBC '^"''^- 



AB 2 JtheAngles ^ . , 
AC 3 I andic ^"l^''^^*- 



BC 
AC 



17 cthe Angles ^ . , 
21.6 { andAB'«l™^^' 



AB 2871.64 the Angles . , 
BC 3176.2 and AC ^^"^^^^^ 



The Anfwers are omittfed, that the Learner may 
rcfolve them himfelf by the foregoing Methods ^ 
by which Means he will find and fee more diftinftly 
their mutual Agreements ; and become more ex- 
pert, and the better acquainted with the Subjeft. 

OBLIQUE 



•* 
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OBLIQUE ANGULAR PLANE 
TRIGONOMETRY. 

BEFORE we prooeed to the Solution of the four 
Cafes of Oblique- Angular Triangles, it is ne- 
ceflary to premifethe following Theorems. 

1' H EO. I. 

Plate V, . 

In any plane Triangle ABC^ the Sides are proportional 
to the Snes of its oppojite Angles j i. e. S. C: 
AB : : S, A : JSC, and S. C: AB : : S. B : AC, 
alfo S, B : AC : : S. A; BC. Fig. IQ. 

By Theo. ip. Se£t. i. the half of each Side is 
the Sine of its q>pofite Angle ; but the Sines of 
thofe Angles, in Tabular Parts, are proportional to 
the Sines of the fame i^ any other Meafure ; aqd 
therefore the Sines of the Angles will be as thci 
Halves of their oppofite Sides : And fince the* 
Halves are as the Whole3» it follows, that the Sxneq 
of their Angles are as their oppofite Side?, i. c. 
S. C : AB ; : S. A : BC, C^c. Q^E. D. 

XH EO. 11. 

In any plane Triangle ABC^ the. Sum of the iw^ 

pven Sides AB and BCj inchcbf^ a given As^le ABC^ 

is to their Difference ; as the Tangent of ha^ the Sum 

" 0f the two unknown Angles A and C is to the Tattgcfti 

iff half their Difference. Fig. 1 1 . 

Produce 
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Plate V. 

Produce AB, and make HB=BC, and join HC : 
Let fall the Perpendicular BE, and that will bifedt 
the Angle HBC (by Theo. 9, Sea. i.) thmugh B 
draw BD parallel to AC, and make HF=DC, and 
join BF ; take BI=BA, and draw IG parallel to 
BD, or AC. ' f 

It is then plain, that AH will be the Sum, and 
HI the Difference of the Sides AB, and BC : And 
fince HB=BC, and BE perpendicular to HC, 
therefore HE=EC (by Theo. 8. Sed. i.) ; and 
fince BA=BI, and BD and IG parallel to AC, there- 
fore GD=DC=FH, and ccmfequently HG=FD, 
and ^ HG=^ FD, or ED. Again, EBC, being half 
HBC, will be alfo half the Sum of the Angles A 
and C, by Theo. 4. Seft. i. Alfo fince HB, HF, 
and the included Angle H, are feverally equal to 
BC, CD, and the included Angle BCD ; therefore 
(by Theo. 6. Seft. i.) HBF=DBC=BCA (by 
Part 2. Theo. 3. Se£t. i.) and fince HBD=A (by 
Part. 3. Theo. 3. Seft. i.) and HBF=BCA ; there- 
fore FBD is the Difference, and EBD, half the 
Difference of the Angles A and C : Then making 
BE the Radius, it is plain that EC will be the Tan. 
of half the Siun, and ED the Tangent of half the 
* Difference of the two unkr^own Angles A and C : 
Now IG being parallel to AC ; AH : IH : : CH : GH. 
(by Cor. i. Theo. 20. Se£t. i.) But the Wholes are 
as their Halves, i. e. AH : IH : : CE : ED, that is, 
as the Sum of the two Sides AB and BC, is to 
their Difference ; fo is the Tangent of half the Sum 
of the two unknown Angles A arid C, - to the Tan-r 
gent of half their Difference. (3. E. D. 

THEO, 
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Plate V. 



"T H Eo. m. 



In any right-Uned plane friangk ABD -^ the 
Safe DA^ wt% be to the Sum of ths other Sde, ABj 
BDy as the 'Difference of thofe Sides ^ is to the 
Difference of the Segments of the Bafe, made by the 
Perpendicular BE ; viz. the Difference between AE 
and ED. Eg. 12. 

Produce BD, till BG=AB the lefler Leg ; and 
on B as a Center, with the Diftance BG or BA 
defcribe a Circle AGHF ; which will cut BD, and 
AD, in the Points H, and F : Then it is plain, that 
GD, will be the Sum, and HD, the Difference of 
the Sides AB and BD ; alfo fince AE=EF, (by 
Theo. 8. Se£t. i.) therefore FD, is the Difference 
of AE, and ED, the Segments of the Bafe : But (by 
Theo. 17. Sea. i.) AD : GD : : HD : FD ; that 
is, the Bafe is to the Sum of the other Sides, as the 
Difference of thofe Sides, is to the Difference of the 
Segments of the Bafe. QJE.. D. 

f H EO. IV. 

If to half the Sum of two ^antities^ be added 
half their Difference ; the Sum will be the greateji 
of them : and if frdm half the Sum be fubtra^ed 
half their Difference^ the Remainder will be the 
leaji of them. Fig. 1 3. 

Let the two Qijantities be reprefented by AB, 
and BC ; (making one continued Line ; \diereof 
AB is the greateft, and'BC the leaft ;) bifeft the 
whole Line AC in E ; and mgke AD=BC ; then 

its 
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it is plain, that AC is the Sum, and BD, the DifFc. 
rence of the two Quantities ; and AE, or EC, their 
half Sum, and DE or EB their half Difference. Now 
if to AE we add EB, we (hall have AB the greateft 
Quantity ; and if from EC we take EB, we (hall 
have BC, the leaft Quantity. Q^^E. D. 

Cor. Hence, if from the greateft of two 
Quantities, we take half the Di&rence of them, 
the Remainder will be half their Sum ; or if 
to half their Difference be added the Jcaft 
Q^ntity, their Sum will be half the Smr/ of 
he two Quantities. 

OBLIdUE ANGULAR 

TRIGONOMETR ?. 

Tlf^O SdeSy and an Angle oppqfite to one of them 
given J to find the other Angles and Side. 

< 

In the triangle ABC^ there is given AB 240, the 
Angle A 46"*. 30^ and BC 200 ; to find the Angk C be- 
ing acute ^ the Angle B^ and the Side AC. Fig. 14. 

Geometrically. 

Draw a blank Line, on which fet AB 240 from 
a Scale of equal Parts ; at. the Point A, of the 
Line AB, niake an Angle of 46''. 30^ by an infi- 
nite blank Line ; with BC 200, from a l|ke Scale of 
equal Parts that AB was taken, and one Foot in B 
defcribc the Arc DC to cut the laft blank Line in 
the Points D and C. Now if the Angle C had 
been required obtufe -, Lines from D to B, and 

O to 
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to A, would conftitute the Triangle ; but as it is 
required acute, draw the Lines from C to B, and 
to A ; and the Triangle ABC is cx>nftru£ted. From 
a Line of Chords let the Angles B and C be 
meafured y and AC from the fame Scale of equal 
Parts, that AB and BC were taken ; alid you wiU 
have the Anfwer required. 

By CaUuhtion. 

This is performed by Theo. i . of this Seft. 

thus; 

As BC iioo 2.30103 

.s to the Sine of A 46"* 30^ 9.86056 

So is AB 240 2.38021 

. 12.24077 

To the Sine of C 60®. 31* 9-93974 

1 80 — the Sum of the Angles A and p, will ^v^ 
the Angle B ; by Cor, x. Theo. 5. Sedt. i. 

A 46\ 30^ 

C 60. 31 

■ ■-••.iMiiM, 

180 — 107. 10=72** 59!;= B* 

As the Sine of A 46"'- 30* 9.86056 

istoBC 2op 2.30103 

So is the Sine of B 72°. 59^ 998056 

12.28159 



To AC 263. 7 2.42103 
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By Gunter's Scale. 

Extend from aoo to 240, on the Line of Num-r 
bers ; that Diftance will reach from 46°. 30^ on the 
Line of Sines, to 60*^. 31* for the Angle C. 

Extend from 46°. 30^ to 72''. 59^ on the Line of 
Sines ; that Diftance will reach from 200 to 263.7, 
on the Line of Numbers for AC. 

CASE 2. 

Two Angles and a Side givetiy to find the other 
Sides. 

In the Triangk ABC, there is the AngleA/ifi". 30^ 
AB 230, and the Angle B 37. 30 given^ to find AC 
andBC Fig. 15, 

Geometrical^. 

Draw a blank Line, upon which fet AE 230, 
fjjom a Scale of equal Parts ; at the. Point A of 
the Line AB, make an Angle of 46'. 30^, by 
a blank Line ; and at the Point B of the Line AB, 
make an Angle of 37®. 30^, by another blank 
Line ; the Interfe<5lion of thofe L'^nes gives the 
Point C, fo is your Triangle ABC conftrufted. 
Meafure AC and BC from the fame Scale of equal 
Parts that AB was taken ; and you have xh: 
Anfwer required. 

Sy Calculation. 

By (Cor. i.Theo. 5. Seftion 1.) 180— the Sum 
cf the Angles A and B =: C. 

O 2 A ^(r 
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A 46". 30' 
B 37. 30 

180^' 84. 00=96*^. 00^ =c 

By Def. 29. Seft. i. The Sine of 96*^=^0 
Sine of 84°, which is the Supplement thereof ; 
therefore inftead of the Sine of 96^, look in the 
Tables for the Sine of 84°. 

By Theo. i . of this Sedl. 

As the Sine of C .96°. 00* 9.99761 

istoAB 230 2.36173 

So is the Sine of A 46*^. 30^ 9.86056 

12.22229 



ToBC 167.8 2.22468 

As the Sine of C 96°. 00^ 999761 

istoAB, 230 2.36173 

So is the Sine of B ST- 3^^ 9-7^445 

12.14618 



to AC, 140 8 2.14857 



By Gunter'j Scale. 

Extend from 84**, (which is the Supplement of 
96°,) to 46*^. 30^, on the Sines ; that Diftance 
will reach from 230, to 168, on the Line of 
Numbers for BC. 

Extend 
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Extend from 84®, to 37^- 30, on the Sines ; that 
Extent will reach from 230, to 141, on the Line of 
Numbers for AC. 

C A S E z. 

?t0O Sdes^ and a coHiahied Angk given ; tojind the 
i^hr Angks and Sde. 

In the triangle ABC^ there is AB 240, the Angk A 
36^ 40*, and AC 1 80 ^en ; to find the Angles C and 
£, and the Side BC Fig, 16. 

Geometrically. 

Draw a blank Line, on which frotn a Scale of 
equal Parts, lay AB 240 : at the Point A of the 
Line AB, make an Angle of 36''. 40^ by a blank 
Line ; on which from A, lay AC -i 80, from the 
fame Scale of equal Parts : Meafure the Angles C, 
and B, and the Side BC, as before ; and you have 
the Anfwer required. 

By Calculation. 

By Cor. i . Theo. 5. Seft. i . 1 80 — ^the Angle 
A 36". 40^= 143°. 2o^ the Sum of the Angles C, 
and B : Therefore half of 143^ 20^ will be half the 
Sum of the two reqmred Angles, C, and B. 

By Theo. 2, of this Seft. 

As the Sum of the two Sides AB, and AC, 420 
is to their Difference, 60 

So 
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So is the Tangent of half the Suni of ^ h <^ r4 
the two unknown Angles C and B j / ^ • 4^ 
to the Tangent of halftheir Diflference 23**. 20' 

By Theo. 4. 

To half the Sum of the Angles C and B 71^. 4C3^ 
Add half their Difference as now found 23. 20 

The Sum is the greateft Angle, or Ang. C g^. cx> 

Subtraft, and you have the leaft Angle, or B 48. 20 



^^ 



The Angles C, and B, being found ; BC is had as 
before, by Theo. i. of this Sed. Thus, 

S. B : AC : : S : A : BC 
48^ 30» x^8o ze\ 40^ 143. 9 

By GunterV Scale. 

Becaufe the two firft Terms are of the fame 
Kind, extend from 420 to 60 on the Line of 
Numbers ; lay that Extent from 45° on the Line of 
Tangents, and keeping the left Leg of your Com- 
paffes fixed, move the right Leg to 71**. 40^ ; that 
Diftance laid from 45° on the fame Line, will 
reach to 23° 30*, the half Difference of the re- 
quired Angles. Whence the Angles are obtained 
as before. 

« 

The fecond Proportion may be eafily extended, 
from what 'has been already faid. 

CASE 
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CASE 4. 

^ Sdes gruejty to find the Angles. \ 

In the Triangk ABC, there is given AB 64, AC/i^j^ 
JSC 34 ; The Angles A, 5, C, are required. Fig. 17. 

Geometrically. 

The Conftrudion hereof muft be manifeft, from 
Prob. I. Se6t. i. 

By Calculation. 

From the Point C, let fall the Perpendicular 
CD, on the Bafe AB ; it will divide the Triangle 
into two right-angled ones, ADC, and CBD j as 
well as the Bafe AB, into the two Segments AD 
andDB, 



AC 
EC 


47 
34 


Sum 81 


• 

Difference 


13 



By Theo. 3, of this Se6k. 

As. the Bafe or the longeft Side, AB, 64 

is to the Sum of the other Sides AC and BC, 8 1 

So is the Difference of thofe Sides, 1 3 

to the Difference of the Segments of ^ ^ r 

the Bafe AD, DB, « - - « i ^^^-^ 

By 
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By Theo. 4, of this Seft^ 
To half the Bafe, or to half the Sum > 

of the Segments AD and DB, 3 ^ 
Add half their Difierence, oqw f0\iod» 8.23 

Xheir 5^ini wUl be the gteateft Segmisnt AD, 40.23 

Subtraft, and thpir DAfeence will be> 

the leaft Segment DB, ' - - 3 ^'^' 



In the right-angled Triangle ADC ; tjiere is 
AC 47, and AD 4Q. 23, glve?i, to find the An- 
gle A. 

This is refolvrcd \i)y Cafe 4, of right-angled plane 
Triganwi^tty thup^ 

AD : R : : AC : Sec. A. 
40. 23 : 90** ; : 47 : 31^ 08^ 

Or it may be had by finding the Angle ACD, 
the Complement of the Angle A ; without a Secant, 

thus, 

AC : R : : AD : S. ACD. 

47 •• 90' : : 40- ^3 • 5^"- 5^' 

90—58". 52'=3i°. 08', the Angle A. 
Then, by Theo. i . of this Stdi. 



EC : S. A : ; AC : S. B. 

54: 31°. o8': :47 : 45^ 37'. 



By 
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By Cor, i. Theo. 5. Sed. i. 180 — ^the Sum of 
A and B,=e 

A 31". 081 
180 — ;76, 45=103°. 15', the AngleC. 

« 

By GimterV ScaU, 

The firft Proportion is extended on the Line of 
Numbers ; and it is no Matter whether you extend 
from the firft to the third, or to the fecond Term, 
fince they are all of the fame Kind : If you extend 
to the fecond, that Diftance applied to the third, 
will give the fourth ; but if you extend from the 
firft to the third, that Extent will reach from the 
fecond to the fourth. 

The Methods of^ extending the otTier Proportions 
have been aheady fully treated of. 

An Example in each Cafe of Oblique Angular 

^trigonometry. 

rAC 290^ A 

I . Given, \ C 6tf. 30' v B required. 

^AB 35o3BC 



rC 24^20^AB 

;. Given, <B 128". 30^ ( required. 
t AC 22a6 \ BC 



»mummt 



AC 6 -.A 



3. Given, \ C 124". 30' \ B required. 
tBC 4. c 3 AB 



4- 5 

■MMHkil 

P 4. Given, 
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An Angle of Altitude p^iay be al^ taken by 
any of the Inftruments ufed in Surveying j as (hal| 
be particularly fhewn, when we treat of their De- 
fcriptions and Ufes. 

Moft Quadrants have a Pair of Sights fixed on 
the Edge AC, with fmall circular Holes in them j 
which are ufeful in taking the Sun's Altitude ; reqin- 
fite to be known in many aftronomical Qifes i thi^ 
is efFefted by letting the Sun's Ray, which pafles 
thro' the upper Sight fall uponr the Hole in the 
lower one ; arid the iDegr^e then cut by the Thread, 
will be the Angle of the Siin's Altitude ; but thofe 
Sights are ufelels for our prefent Purpofe, for lookin} 
along the Quadrant's Edge to the Top of the Obje^ 
will be fufficient, as before. 

P RO B. I 

flate V. Fig. 1 9. 

To find the Height of a perpendicular Ob]e£l at one 
St at ion J which is on an hdrizontaJ Plane. 

A Steeple. 

r The Angle of Ahitude 5^ Degrees. 
I Diftance from the Obferver to the Foot of 
Given, < the Steeple, or the Bafe, 85 Feet. 

1 Height of the Inftruments, or of the Ob- 
V ferver, 5 Feet. 

' Retiuired the Height of the Steeple. 

The Figure is conftrufted and wrought, in all 
Refpeds as Cafe 2 of right angled Trigonometry ; 
(.>nly there muft be a Line drawn parallel to, and 

beneath 
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Plate V. Fig. 19. 

beneath AB of 5 Feet for the Obfervcr's Height, to 
reprefent the Plane upon which the Objedl ftands ; 
to wluf h thp Perpendicular mull be continued, and 
that will be the rfeight of the Objeft. 

Thus, AB is the Bafe, A the Angle of Altitude, 
BC the Height of the Steeple froni the Inftrument, 
or from the Obferver's Eye, if he were at the Foot 
of it i DC the Height of the Steeple above the ho- 
rizontal Surface. 

Various Statings for BC, as in Cafe z of right- 
angled Plane Trigonometry, 

53-A 
37=e 



1. S. C : AB , : S. A : BC, 
370 85 sf 112.8. 

2. R. : AB : : T. A : BC 
90^ 85 ss"" 112. 8, 

3. T. C : AB : : R. : BC 
37^ 85 go"" 112. 8. 

ToBC, 112. 8 

A4d DE|, 5. the Height of the Obferver. 

Their Sum is 117. 8 or 118 Feet, the Height 

of the Steeple require4. 

PROS, 
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Plate V. Fig. >o. 

To^nd the H^hi t^ a Perpendicular Obje£l^ on att 
horizontal Plane ; by having the Length of the Shadow 
given. ' , 



Provide a Rod, or Staff, wliofe Leagth is given> 
let that be fct perpendicular, by Help rf a Quar- 
drant, thus ; apply the Side of the (Quadrant AC, 
to the Rod, or Staff; and when the Thread cuts 
90^, it is th^n perpendicular ; the fame may be 
done by a Carpenter's or Mafon's Plumb. 

: Having thus fet the Rod or Staff, perpendicular ; 
meafure the Length of its Shadow, when the Suix 
fliines, as well as the Length of the Shadow of the 
Objeft, whofe Height is required -, and you have 
the proper Rcquifites given. Thus, 

ab^iht Length of the Shadow of the Staff, 15 

Feet. 

bc^ the Length of the Staff, 10 Feet. 

AB, the Length of the Shadow of the Steeple, 
or Object, 135 Feet. 

Required EC, the Height of the Objeft. 

The Triangles ak^ ABC, are fimilar, thus : 
The Angle ^=B, being both right ; the Lines ac 
AC, are parallel, being Rays, or a Ray of the Sun ; 
whence the Angle j=A (by Part 3. Theo. 3. SdX 
1.) and confequently c^C. The Triangles being 

therefore 



V 



i 



±1 
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therefore mutually equiangular, are fimilar, (by 
THeo. 1 6. Seft. i .) it will be, 

ah : be : : AB : BC. 

^5 ^o 135 90. the Steeple's Height 

required. 

The foregoing Method is mod to be depended 
on ; however, this is mentioned for Variety fake. 

PROS. in. 

Plate V. Fig. 2U 

To take the Altitude of a Perpendicular Obje^y at the 
Foot of a HiUj from the Hilts Sde. 

Turn the Center A of the Quadrant next 
your Eye, and look along the Side AC, or 90 
Side, to the Top and Bottom of the Objed; 
and noting down the Angles, meafure tlie DiC- 
tance from the Place of Obfervation to the Foot of 
the Obje(5t Thus, 

/-Angle to the Foot of the Objedt gs""^ 

r' J or 55°. 1 5^ 

uiven, ^^jjgie to the Top of it^i^i or 31^ 15I 

^ Diftance to the Foot of it 250 Feet 
Required the Height of theObjeft. 

Geometrically. 

Draw an infinite blank Line AD, at any Point 
in which A, make the Angle EAB of 55**. \^\ and 
EAC of 31°. 15^ ; lay 250 from A to B ; from B 
draw the Perpendicular BE (by Prob. 7. of Geo- 
metry) croffing AC in C j fo will BC be the Height 
of the Objcdl required. 

In 
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Plate V. Fig. 21. 

In the Triangle ABC there is given, 

ABE the Complement of EAB to 90^*, which 

is 34°- 45'- ^ 
ACB the Difference &i the given Anglot 24**, oo^ 

The Side AB 250. • Required BC. 

This is performed as Cafe 2, of Oblique Angu- 
lar Trigonometry. Thus, 
180— the Sum of ABE 34^ 45^, and CAB 24**. 00^ 
= ACB 1 2 1 °. 1 5^ Then, 

S. ACB : AB : : S. CAB : BC. 
121^ 15^ 250 24^00^ 119. The Height 
required. 

FRO B. IV. 

To take the Altitude, of a perpendicular Obje^, on the 
Top of a Hilly at one Station ; when the Top and Bot- 
tom of it can befeenfrom the Foot of the Hill 

Plate V. Fig. 22. 

As in Prob. i ; take an Angle to the Top, 
and another to the Bottom of the Objeft ; and 
meafure from the Place of Obfervation to the 
Foot of the Objeft, and you have all the given 
Requifites. Thus, 

A Tower on a Hill. 

r Angle to the Bottom 48^ 30^ 
Given, \ Angle to the Top 67^. oo^ 

i Diff. to the Foot of the Objeft i o^S Feet. 
Required, the Height of the Object. 

Geo- 






..^ 
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, ■ Plate V. Fig. 22. 

GeomgtricaJfy. 

» 

Make the Angle DAB=48^ ^o\ and lay 136 
Feet from A to B ; from B let fall the Perpendicu- 
lar BD, aQd that will be the Height of the Hill : 
Produce BD upwards by a blank Line : Again, at A 
make the Angle DAC=67''. 00^ by a blank Line, 
and from C where that croffes the Perpendicular pro- 
duced, draw the Line CB, and that will be the 
Height of the Objeft required. 

Let AC be drawn. 

In the Triangle ABC, there is given, 

The Angle ACD the Complement of DAC= 

CAB the Difference between the two gl'.en 

Angles=I8^ 30^ 
And the Side AB 1 36. To find BC. 

S. C : AB : : S. CAB : BC. 

23° 136 18 \ 30^ iio| 

If BD were wanted, it is eafily obtained, by the . 
lirft Cafe of Right-angled Plane Trigonometry. 

PR'OB, V. 

To take an imccejftbh perpendicular Altitudey on an 

hrizontal Plane. 

Plate V. Fig. 23. 

This is done at two Stations, thus : 
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Let DC be a Tower which cannot be approached 
by means of a Mote or Ditch nearer than B ; at 
B, take an Angle of Ahitude to C : Meafure any 
convenient Diftance backward to A, wWch note 
down : At A take another Angle to C ; fo have you 
the given Requifites, thus ; 

f Firft Angle c^^^, 00^ 
Given, \ Stationary Diftance 87 Feet. 
'Second Angle 37''. oo^ 
The Height of the Tower CD, is required. 

Geometrically, 

UponSn infinite blank Line, lay off the ftationa- 
ry Diftance 87, from A to B ; from B, fet off your 
firft ; and from A, your fecond Angle : From C, the 
Point of InterfeAion of the Lines which form thefe 
Angles, let fall the Perpendicular CD i and that will 
be the Height of the Objed required. 

The external Angle CBD, of the Triangle ABC ; 
is equal to the two internal oppofite ones, A, an4 
ACB (by Theo. 4. Sedl. i .) : Wherefore if one of 
the internal oppofite Angles be taken from the ex- 
ternal Angle ; the Remainder will be the other in- 
ternal oppofite one, thus ; 

CBD 55^— A 37^=ACB 18^. 

Therefore in the Triangle ABC ; we have 
the Angles A, and ACB, with the Side AB 
given; to find BC. 

S. 
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S. ACB : AB : : S. A : BC. 

18° 87 sr 169.4 

Having foimd BC, we have in the Tiiangle BCD ; 
the Angle CBD 55°, confequently BCD 3c , and 
EC 169.4; to find DC 

This is performed 'by Cafe the firft, of Right-an- 
gled Trigonometry, three feveral Ways ; thus, 

1. R :Be : : S. CBD : DC. 

90° 169.4 55' 138.8. The Height 
reqiured. 

2. Sec. CBD : BC : : T. CBD : DC. 

5^ 169.4 55'' 138:8. 

The Height required. 

3. Sec. BCD : BC : : R : CD. 

35^ 169.4 90^ 138.8, 
The Height required. 

If BD, the Breadth of the Mote, were re- 
quired ; it may alfo be found, by three different 
Statings, as in the firft Cafe of Right-angled 
Plane Trigonpnietry. 

PRO J?. VI, 
. Plate V. Fig. 24. 

Let BC a May-pole, whpfe Height is 100 Feet, be 
broken at D ; the upper Part of which DC, falls up- 
on an horizontal Plane, fo that, its extremity C, is 
34 Feet from the Bottom or Foot of the Pole. 

Required the Segments BD and DC. 

Q^Z Geo- 
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Geometricalt/. 

Lay 34 Feet from A to B ; on B ere£t the Per- 
pendicular BG of icx) Feet, and draw AC : Bifeit 
AC, (by Prob. 4. Se£t. i.) with tiie Perpencticular 
Line EF ; and from D, where it cuts the Perpendi- 
cular BC, draw AD, which will be the ipper Seg* 
merit ; and DB will be the lower. 

By Cor, to Lemma, preceding Theo, 7. Sedk. 
I. AD=DC ; and (by the Lemma) the Angle 
C = CAD. 

In the Triangle ABC, find C, as in Cafe 6, 'of 

Right-angled Trigonometry, thus ; 

1. BC : R : : AB : T. C = GAD. 

100 90^ 34 i8^ 47^ 

By Theo. 4. Se£t. i. The external Angle 
ADB = 37^. 34^, or to twice the Angle C ; i. e. 
to C, and GAD. 

Then in the Triangle ABD, there is ADB yj"- 34*. 
therefore alfo its Complement DAB 52". 26', andilil 
34 given, to End AD, and- AB. 

By the fecond Cafe of Redtangular Trigono- 
rnetryr 

2. S. ADB : AB : : R : AD, or DC. 
37- 34' 34 90'' 55-n- 

BC— DC=BD. 

100—55. 77=44-23 reqiured. 

Theft 
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Thcfe may be had from oth^ Stating^, as in 
the fecond Cafe aforefeid, 

p RO B. vn. 

^0 take the Attituck (f a ferpendicttlar OfjcH m a 

HiUj from a Pkne beneath it. 

Plate V. Fig. 25. 

This is doije at two Stations, thus^ 

' Let the Heieht DC, of a Wind-mill on a 
Hill be requirecL 

From any Part of the Plane whence the Foot of 
the Objeft can be feen, let Angles be taken to 
the Foot, and Top v meafiire thence my convenient 
Diftance towards the Objedt, and at the End there- 
of, take another Angle to the Top : And you have 
the proper Reqiuifites, thus j 

Firft Station. Angle to the Foot DAB 21°. Qio\ 

Angle to the Top CAB ^f. oo^ 
Stationary Diftance AB 104 Feet. 

Second Station. Angle to the Top 48®. 30^ 

DC, and DR required. 

/ Geometrically, - 

On an infinite blank Line, lay the ftationary 
IXftance AB 104 Feet ;, from A, fet off the fecond, 
and from B5 the third given Angle ; and from-the 

inter- 
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Plate V. Fig. 25. 

interfering. Point C of the Lines formed by them ; 
let fell the Perpendicular CE : From A fet off the 
firft Angle, and the Line formed by it will deter- 
nupe the Point D. Thus have we the Height of 
the Hill, as well as that of the Windmill. 

The Angle CBE~A=ACB, as before. 

In the Triangle ABC, find BC thus, 

I. S. ACB :'AB : : S. A : BC. 

13°. 30' 104 35\ 00' 255.5". 

In the Triangle CBE, find CE thus, 
2. R. : BC : : S. CBE : CE. 

In the fame Trangle find BE thus, 

3. R. : BC : : S.BCE : (or Comp. of CBE) BE 
90' 255-5 4»°- 30' 169.3. 

AB+BE=AE, or io4+i69.3=273.3=AE. 

In the Triangle AED, find DE thus, 

4. S. ADE : (or Comp. of DAB) AE : :,S. DAE 

69" 273.3 21 

: DE. 
104.9, required. 

CEr-DE=CD, or 101.4— i04.9=86.5=CD, 

required. 

CE, 
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Plate V. Fig. 25. 

CE, BE, or DE, may be found by other various 
Statings, as fet forth in the firft and fecond Cafes of 
Redangular Trigonometry. 

PRQ B. VIIL 

To find the Length of an Obje£l, that ftands obb'qutfy 
on the Top of a Hilly from a Hane beneath 

Let CD be a Tree whofe Length is required. 

This is done at two Stations. 

Make a Station at B, from whence take an Angle 
to the Foot, and another to the Top of the Tree ; 
meafure any convenient Diftance backward to A, 
from whence alfo let an Angle be taken to the Foot, 
and another to the Top, and you have the Requi- 
fites given. Thus, 

Firft Station. Angle to the Foot EBD=36°. 30^ 

Angle to the Top EBC=.44^ 30^ 
Stationary Diftance AB 1 04=Feet, , 

j^is6brv6. Station, Angle to the Foot E AD=24^ 3^^- 

Angle tothe Top EACs:32°.oo^ 

Let DC and DE be required. 

The Geometrical Conftru£tions of this and the 
next Problem are omitted ; as what has been already 
fiiid, and the Figures are looked upon as fufjicient 
Helps. 

EBC— A=ACB, or 44^. 30^— 32<>=i2^. 30^36 
before. 

In 
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Plate V. Fig. 26. 
In the Triapgle ABC find BG. Thus: 

1. S. ACB : AB: :S. A : BC. 

12° 30' 104 32° 254.7. 

EBI)— EAD=ADB,or 36". so"— 24°. 30'=! 2°.o(y. 

In the Triangle ADB, find BD. Thus : 

2. S. ADB : AB : : S. DAB : DB. 

12''. 00' 104 24". 30' 207.4. 

CBE— DBE=CBD, or 44°. 30'— 36". 30' =8°. oo\ 

In the Triangle CBD there is given, CB 254.7, 
DB 207. 4, and the Angle CBD 8\ 00' ; to find DC. 

This is performed as Cafe 3, of Oblique angular 
Trigonometry, thus : 

3. BC+BD : BC— BD : : T. of ^BDC+BCD: 

462. I. : 47.3 86° 00'. 

T. of ^ BDC— BCD. 

55°.40. 

26". oo+55''.4o'=i4i°.4o'=BDC. 
86°.^bo'— 55°. 4o'=30<'.2O'=BCD. 

4. S. BCD : BD : : S. CBD ; DC. 

30°. 20' 207.4 ' 8. 00' 57 15 Length of 
the Tree. 

To find DE, in the Triangle DBE. 

Say R. : BD : : S. DBE : DE. 

00". 207.4. 36°. 30' 123.4. Height, of the 
Hill. 

PROS. 
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PROS. IX. 

To find the Height of ^ inacceffibJe Ob]e£l CDy oti a 
HiUBCj from Ground that is not horizontal. 

Plate VI.. Fig. I. 

From any two Points, as G and A, whofe Dis- 
tance G A is meafured, and therefore given ; let the 
Angles HGD, BAD, BAG, and E AG, betaken: 
Becaiife GH is parallel to EA (by Part 2. Theo. 3. 
Sect. I.) the Angle HGA=EAG ; therefore KAG 
+HGD=AGD : And' (by Cor. i. Theo. i. 5e<a. 
I.) 180— -the Sum of EA6 and BAD=GaD ; 
And (by Cor. i. Theo. 5. Seft i.) 180— the Sum 
of the Angles AGD and GAD=GDA : Thus we 
have the Angles of the Tiiangle AGD, and the 
Side AG given ; thence (by Caie 2, of C\ ^ rig.) 
AD may be eafily found. The x\ngle DAB — CAB 
=DAC, and 96"-— BAD = ADC 5 and 180^-^he 
Sum of DAC and AbC= ACD : So have we the 
feveral Angles of the Triangle ACD given, and 
the Side AD ; whence (by Cafe 2, Obi. Trig.) CD 
may be eafily found. We may alfo find AC, 
which with the Angle BAC, will give CB thcr 
Height of the Hill. 

The Solutions of the feveral Problems in Heights 
and T)iftances, by Gunter's Scale, are omitted ; be- 
caufe every particular Stating has been already 
(hewn by it, in the Reilangular and Oblique- 
angular Trigonometry. 
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AN Y of the Inftmments ufed in Surveying, 
will give you the Angles or Bearings of 
Lines ; \vhi:!iwill be particularly (hewn, when we 
come to treat of them. 

P RO B. L 

Plate VI. Fig. 2. 

Let A and B be two Houfes on one Side of a 
River, whole Diftance alunder is 293 Perches : 
There is a Tower at C on the other Side of the • 
River, that makes an Angle at A, with the Line 
AB of 53^. 20' ; and another at B, with the Line 
BA of 66 \ 20' : Required the Diftance of tlie 
Tower from each Houle, viz. AC and BC. 

This is performed as Cafe 2, of Oblique-angled 
Trigonometry, thus : 

1. S. C: AB: : S. A : BC. 

6o\ 20-293 si\ 20 270.5. 

2. S. C: AB! : S.B: AC. 
6o\ 20' 293 66\2o'3o8. 8. 

PROS. 
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Plate VI. Fig. n. 

Let B, and C, ht two Houfes whofe direft Dif- 
tance afunder BG, is inacceflible : However it is 
known that a Houfe at A, is 252 Perches from 
B, and 230 from C ; and that the Angle BAG, 
; is found to be 70*. What is the Diftance BG, be- .;/ 
tweenthe two Houfes ? 

This is performed as Cafe 3, of Oblique-fangubir 
Trigonometry, thus : 

I, AB+AC : AB— AC :T. of ^ C+B : 

482 zz $5°. 00' 

T. of i C— B 

3°. 44'. 

55'+3'- 44 -58° 44 -C. 5^—3'' 44'=5i-. 16' 
=;B 

%, S. G : AB : : S. A : BG. 

58^44^252 70^ 279.9 

P i? 6 j5. III. 

Plate VI. Fig. 3. 

Suppofe ABC a triangular Piece of Ground, 
which by an old Survey we find to be thus : 
AB 260, AG, 160, BC 150 Perches : The me^ring ^ 
Lines AC, and BB, are deftroyed or plowed down, 

R 2 and 
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t 

and the Line AB, only remaining. What Angles 
muft be fet off at A, and B, to run new Mearings by , 
exaftly where the old ones were ? 

f his is performed as in Cafe 4, of Oblique-angled 
Trigonometry. Thus, 

I. AB : AC+BC : : AC— BC : AD— DB 
260 31b 10 11.92. 

i 30+5.96=1 35.96=AD. 
1 30 — 596 = 1 24.04=DB. 

2. AD : R : : AC : Sec. A. 
136 90°: : 160 31^47^ 

3. BC : S. A : : AC : S. B. . 

PROS. IV. 
Platd VI. Fig. 4. 



..* 



Let D, and C, be two Trees in a Bog, to which 
you can have no nearer Accefs than at A, and B : 
there is given, DAB 100% CAB 36°. 30^ CBA 121% 
DBA 49. , and the Line AB 1 1 3 Perches. Required 
the Diftances of the Tices DC, 

180^— the Sum of DBA and DAB=ADB=3io. 
180^— the Sum of CAB and CBA=ACB=22. 30, 

In tTie Triangle ABD, find DB, thus : 

t, S.ADB : AB : S.DAB . DB. 
3^*^ 115 ; : 100^ 216, 

And 
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And the Triangle ABC, find BC thiB, 

2. S. ACB : AB : : S. CAB : BC. 
22°. 30' 113 36°. 30' 175.6. 

In the Triangle DEC, you have DBC=ABC— 
*ASD=TZ° i likewife the Sides BD, BC, as brfore 
found given, to find DC. 

3. BD+BC : BD— BC : : T. of ^ DCB+CDB : 

321.6 40.4 54" 

T. of ^ DCB—CDB. 

8°. 05'. 

54''+8». 05'=62^05'=DCB. 
54°— 8°. 05 =45 . 55 =CDB. 

4. S. CDB : BC : : S. DEC : DC. 

45°- 55' 176-3 72» 215.8.* fJJ.^ 

LEMMA. 

Plate VI. Fig. 10. 

J^ from a Point C, of a 'Triangle ABC, infcribed 
in a Qrcle, there be a Perpendicular CD kt fall 
upon the cppofje Side AB : That Perpendicular is to 
one of the &des inclue&ng the Angle, as the other Sde^ 
including the Angle is to the Diameter of the Circle^ 
i. e. DC : AC : : CB : CE. 

Let the Diameter CE be drawn and join EB ; 
it is plain the Angle CEB=CAB, (by Cor. 2. Theo. 
7. Seft. I.) and CBE is a right Angle (by Cor. 5. 
Theo. 7. Sea. i.) and = ADC : Whence ECB= 

ACD. 



126 Of D I S T A N C E S. 

ACD. The Triangles CEB, CAD, are therefore 
mutuallv equiangular, and (by Theo. 1 6. Se6t. i .) 
DC : AC : . CB : CE, or DC : CB ; : AC : CE. 
Q^E. D. 

PROS. V. 

Plate VL Fig. 5. 

Let three Gentlemens Seats, A, B, C, be fituatc 
in a triangular Foim : There is given AB 2. 5, 
Mi.'^s, AC 2. 3, and BC 2. It is required to buiJd 
a Chi.ich at E, that (hall be equi-diftant from the 
Scats A, B, C. What Diftance muft it be from 
each Seat, and by what Angle may the Place of it 
be found ? 

Geometrically. 

ByProb. 15. Se£t. i. Find the Center of a Qr- 
cle ' that will pals through the Points A, B, C 5 
and that will be the Place of the Chuich : the 
Meafure of which, to any of thefe Points, is the 
Anfwer for the Diftance : Draw a Line from any of 
the three Points to the Center, and the Angle it 
makes with either of the Sides that contain the 
Angle it was di awn to ; that Angle layed off by 
the Diredion of an Inftrument, on the Ground, 
and the Diftance before found being ranged there- 
on, will give the Place of the Church required. 

By Calculation. 

i. AB : AC+BC : : AC— BC : AD— DB. 
2.5 4.3 .3 .516. 



1. 25+. 258 = 1. 508= AD. 



Bi 
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By Cor. 2. Theo. 14. Se6t. i. The Square Root 
of the Difference of the Squares of the Hypothe- 
nufe AC, and given Leg. AD, will give DC. 

i. e. 5.29—2.274064=3.015936. 

Its Square Root is i.736=CD. 

Then by the preceding Lemma, 

2. CD : AC : : CB : the Diameter. 
1.736 2.3 2 2.65. 

the half of which, viz. 1.325 is the Semi-diameter, 
or Diftance of the Church from each Seat, that is 
AE, CE, BK 

From the Center E, let fall a Perpendicular upon 
any of the Sides as EF, and it will bife^fl in E : 
(by Theo. 8. Sed. i.) 

Wherefore AF=CF=:^ AC=i.i5. 

In the right-angled Triangle AFE, you have 
AF I.I 5, and AE the Radius 1.325 given, to*find 
FAE, thus, 

3. AF : R. : : AE : Sec. FAE. 
1. 15 90^ 1.325 2g\ 47^ 

Wherefore direfting an Inftrument to make an 
Angle of 29^^. 47', with the Line AC ; and mea- 
liiring 1.325 on that Line of Direftion, will give 
the Place of the Church, or the Center of a Circle 
that will pafs through A, B, and C. 

The 
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The above Angle FAE, may be had without a 
Secant as before, thus, 

AE : R. : AF : S. AER 

Its Complement 29°. 47^ will give FAE, as be- 
fore. 

The Queftions that may be propofed on this 
Head, being innumerable, we have chofen to give 
only a few of the moft ufeful. 
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Of the CHAIN. 



TH E Stiitibnary IMance, dr Kfearings of 
Ground are meafutcd * either by Mr. 
Gwuer^s Chain of fiour Poks or Perches, ixiuch 
dmfifts of lOO Links; (and this is the oioft 
turai iMvifion) or by one of 50 Links, whidi 
tains two Poles or Perdies : ^becaufe theLcngdi 
of a Perch difiers in many Places, therefisre the 
Lengths of Chains and their refpe£tive links will 
difl^alfo. 

The EfigSJb Stattae-Rrch is 5^ Yards, the Two- 
Pole-Chain is 1 1 Yards, and the Fotnr-Pde one is 
522 Yards: Hence the Length of a Link in a J3wK/;r- 
Oudn is 7.92 Inches. 

There are other Perchefe ufed in difi^rent Parts of 
Enghndy as the Perch of Pf^ood-hmiMtqfurey which 
is 6 Yards ; that di* Church-land Meafure^ which is 7 
Yards (or the fame with the Bantatitm Rrch) and 
the Foreji Meafwre Pcrch^ which is 8 Yards. 

S Th« 
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The Irijb^ or Plantation Perch is 7 Ylrds^ as be- 
fore ; the Two-Pole Chain is 1 4 ; and the Four-Pole 
one is 2.8 Yards : Hence the Length of a Plantation 
Chain IS 10.08 Inches. 

The Scotch Perch is 1 8^ Feet, or 6^ Yards, or 6 
&0/J Ells. In the Shire of Cunningham in Scotland^ 
their Perch is 1 8-| Feet, and this Perch is ufed in fomc 
few Places in the North Part of this Kingdom, as 
the Statutie Perch is in Ibme other Parts. 



For the more ready reckoning the Links of a 
\^ Four-Pcde Chain, there is a large Ring, or fome- 
V, times a round Piece of Brafs fixed at every 10 
Links ; and at 50 Links, or in the Middle, there 
are z large Brings. In fuch Chains' as have a B^fSs 
Pi^ce at every 10 Links, there is the Figure i on 
the firft Piece, 2 on the fecond, 3 on the third, t^c. 
to 9. By leading therefore that Bnd of the Chaia 
forward, wWch h^ the leaft Number next it, he 
who carries the Kmder End may eafdy determine 
any Number of Links : Thus if he has the Braft. 
Piece Number 8, next to liim, and 6 Links more 
in a Diftance, that Diftance is 86 Links. After 
the. fame Manner 10 may be counted for every' 
large Ring of a Chain wluch has not Brafe Pieces 
on It i and the Number of Links is thus readily 
determined. 

The Two-Pole Chain has a large Ring at every 
loIvinKs, and in its Middle, or at 25 Umks^ there 
^ are 2 large l^Bgs ; fo that any Number of Linka^ 

may be the rnqre readily counted off, asi before. 

The Surveyor.ftiould be careful to have, his Ch^a 
moaned before he proceeds on Bufine&, for the 

Rings 
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Rings are apt to be open by frequent ufing it, and 
its Length is thereby encreafed, ib that no one can 
be too circumJfpeft in this Point. 

In meafurUig a flationary Diftance, thiere is an 
Objedt fixed in the extream Point of the Line to be 
meafured ; this is a Direction for the hinder Chain- 
man to govern the foremoft one by, in order that 
• the Diftance may be meafured in a right Line ; for 
ix the hinder Chainman caufes the other to cover the 
Objedk, it is pldn the foremoft is then in a right 
Line towards it. For this Reafon it is neceilary to 
l^ve a Perfon that can be relied on, at the hinder 
Ettd of the Chain, in order to keep the foremoft 
Man in a right Line ; and a Surveyor who has no 
luch Perfon fliowld chain himfelf. The Inaccuracies 
of moft Surveys arife from bad Chaining, that is, 
from ftraying out of the right Line, as mvqH as from 
other Omifliorifs of the hinder Chainman : No 
Perfon, therefore, (hould be admitted at the hinder 
End of the Chain, of whofe Abilities in this refpedt, 
the Surveyor was not previoufly fatisfied and con- 
vinced ; unce the Succefs of the Survey in a ^reat 
iNfcafure depends on his Care and Skill 

In letting out to meafure any ftationary Diftance, 
the fore Man of the Chain carries with him i o Iron 
Pegs pointed, each about ten Inches long ; and 
when he has ftretched the Chain to its full Length, 
he at the Extremity thereof fticks one of thofe Pegs 
perpendicularly in the Ground ; and leaving it 
there, he draws on the Chain till the hinder Marv 
checks him when he arrives at that Peg : The 
Chain being again ftretched,' the fore Man fticks 
down another Pe^, and the hind Man takes up the 
former ; and thus they proceed at every Chain's 
Length contained in the Line to be meafured^ 
counting the fqrplus Links contained between the 

S2 laft 
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laft Peg, and the Objeft at the Termination of tjie 
Line, as before : So that the Number of Pegs taken 
tip by the hinder Chainman, exprefles the Number 
of Chains ; to which, if the odd Links be annexed, 
the Diftance Line required in Chains and Links i; 
obtained, which mull be regifteif^d in theField-Book, 
as will hereafter be (hewn. 

If the Diftance exceeds I o, 20, 30, &?(?. Chains,, 
\fhen the Leader's Pegs are all exhaufted, the hin- 
der Chainman, at the Extremity pf the 10 Chains, 
delivers him all the Pegs ; from whence they pro- 
ceed to meafure as before, till the Leader's Pegs 
are again exhaufted, and the hinder Chainman at 
the Extremity of thefe 10 Chains again delivers 
him the Pegs ; from whence they proceed to mea- 
fure the whole Diftance Line in the like Manner ^ 
then *tis plain, that the Number of Pegs the hin- 
der Chainman has, being added to ic, if he had 
delivered all the Pegs once to the Leader, or to 20 if 
twice, or to 30 if thrice, ^c. will give the Number 
of Chains in that Diftance ; to which if the furplus 
Links be added, the Length of the flationary Dif-^ 
tance is known in Chain and Unks. 

It is cuftornary, and indeed neceflary, to have Red, 
or other coloured Cloth fixed to the Top pf each 
Peg, that the hinder Man at the Chain may the 
more readily fiiid them ; otherwife in chaining thro* 
Corn, high Grafs, Briars, Rufhes, Potatoes, £s?r. \i 
would be e^ctremely difficult to find the Pegs which 
the Leader puts down : By this Means no Time i§^ 

loft, which otherwife muft be, if no Cloths are fixe4 
to thePegs, as before. 

It will be neceflary here to obferve, that all flant, 
or inclined Surfaces, as Sides of Hills, arc meafured 
jiorizontally, and not on the Plane or Surface of 
|hc flill, and is thus effected ; Jje^ 
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yiate Vin. Fig- 4, 

Let ABC be a Hill, the hindmoft Chainman i*- 
to hold the End of the Chain perpendicularly over 
the Point A, (which he can the better efFedt with a 
Plummet and Line, than by letting a Stone drop, 
which is moft ufual) as d is over A, while the 
Leader puts down his Peg at e : The Eye can dire^ 
the horizontal Pofition near enough, (but if greater 
Accuracy were required, a Quadrant applied to the 
Chain, would fettle that). In the fame Manner the 
reft may be chained up and down ; but in going 
down it is the plain Leader of the Chain muft hold 
up the End thereof, and the Plummet thence fut 
pended will mark the Point where he is to fiickhis 
Peg. The Figure is fufficient to render the whole 
evident ; and to Ihew that the Sum of the Ch»ns 
will be the horizontal Meafure of the Bafe of the 
Hill ; for de=Aoy fg=op^' hi^pq^ &c. therefore A 
+^+A/, &c. =Ao+op+^, &c. =AC, the Bafe of 
the Hill. If an whole Chain cannot be carried hor 
' rizontally, half a one or lefs may, and the Sum 
of thefe half Chains or Links, will give the Bafe as 
before. 

If the inclined Side of the Hill be a plane Surface, 
the Angle of the Hill's Inclination may be taken, 
and the flant Height may be meafured on the Sur- 
face i and thence (by Cafe i , of right-angled Trigo- 
nometry,) the horizontal Line anfwering to the Top 
may be found ; and ifwehave the Angle of Inclina- 
tion given on the other Side, with thofe already 
given ; we can find the horizontal Diftance acrofe 
the Hill, by Cafe 9, of Oblique Trigonometry. ' 

All inclined Surfaces are confidered as ht>rizontal 
pnes ; for all Trees which grow upon any inclindd 

Surface,^ 
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Sur&oe, do not grow peq^endicular thereto, but to 
the Plane of the Horizon : Thus if Aif, ^, jfc, tec 
were Trees on the Side of a Hill, they grow per- 
pendicular to the horizontal Bale AC, and not to 
the Surface AB : Hence the Bale will be capable to 
Qoatain asmany Trees as are on the Sui&ce of the 
HiU, which is manifeft from the Gxitinuation of 
them thereto. AndtUs isthe ReaHbn that the Area 
of the Bafe of a Hill is contodered to be equal in V»* 
lue to the Hill iuelf. 

Befuks, the Irregularities of the Surfiuxs of (fills 
in gisaeral are fuch, that they would be found ioK 
podible to be determined by the moCx able MatheoQ»- 
tidan. Certain leguiar curve Surfaces have been in* 
vclngated whh no unall Pains by the moft Eminent : 
Therefon? an Attempt to deienxune in general theln* 
iini: y of irtegi Jar Surfaces whidi offer themiHves to 
our View, to any Degree cf Censunty, woukl be idle 
and lidic^eus, and tor this Reaxbn alK> the hodioiH 
i-u Area is only attempted. ^ 

Aga:r., if :he ciircuiaiacem Lands of a^Hill be 
planned or ma}>;>ed, :t is evident \re ihall faavea Plan 
ot :hc H:!"s EiiV :n the Nfiddle : But were it po;SUe 
to put !be H;i"s Svjilace *;r. lieu thereof, it vcNukl ex- 
ttnd ^::u li into the c:rc3i\^oKit Lands : and iccdcr 
:!!^ \V ho^e A:i Heap ci Conniiipn : So that if -JBe S'jr« 
fac^ cf H:I*.s ould be deternuned, ik> mace tfaisi 
:he Else cocid b*e ;i;A:?oei 



Rrac? are ^ilally r^arjied by 3 Wheel fc* ihil 
Fufc t'^e, to ^iich there i £xed 1 NSachLie, ar taie 
I:r.>vi ^* -Kreci thers is a ?riir^. vhk^ 5> fcack 
b . i Fe-^ It. the ^\T•^?eI cocs ::: ev^rr Rcritt-.^n . bv 
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If fuch a Wheel were 3 Feet 4 Inches in Diameter, 
one Rotation would be 10 ^ Feet, which is half a 
Plantation Perch ; and becaufe 320 Perches make a 
Mile, therefore 640 Rotations will be a Mile alfo r 
And the Machinery is fo contrived, that by Means 
of a Hand, which is carried round by the Work, it 
points out the Miles, Quarters, and Perches, or 
ibmetimes the Miles, Furlongs, . and Perches. 

Or Roads may be meafured by a Chain more 
accurately ; for 80 Four-Pole, 1 60 ' Two-Pole 
Chains, or 320 Perches make a Mile as before : 
And if Roads are meafured by a Statute Chain, it 
will give you the Miles Englijb^ but if by a Plan- 
tation Chain, the Miles will be Irijh, Hence an 
Englijh Mile contains 1760, and an Irijb Mile 2240 
Yards ; and becaufe 14 half Yards is an Irijhy and 
II half Yards is an Englijb Perch, therefore 11 
ajb Perches, or IriJb Miles, are equal to i/^Englifb 
ones. 

Since fome Surveys are taken by a Four-Pole, 
and others by a Two-Pole Chain ; and as Ground 
for Houfes is meafured by Feet, we will fliew 
how to reduce one to the other, in the following 
Problems. ■ ^ 

P RO B. \. 

To reduce Two-Pole Chains and Links to Four- 
Pole ones. 

If the Number of Chains be even, the half of 
them will be the Four-Pole ones, to which annex the 
Links given, thus, 

I. In 
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Ch. L. 

I. In 1 6. 57- of Two-Pole Chains, howmaiiy^ 
l^our-Pole ones ? 

Ch. L. 

Anfwer, 8. s*/. 

fiut if the >tumbef of Chains be odd, take thd 
half of them for Chains, and add 50 to the links^ 
and they will be Four-Pole Chains and Links, thus, 

Ch. L 

a. In i';^. 42. of Two-Pole ChjlinS, hbw rhJiny 
Four-Pole ones ? 

Ch. L. 

Anfwer, 8. 92. 

P RO B. 11. 

To reduce Four-Pole Chains and Links, to Two^ 
Pole ones. 

Double the Chains, to which ^ries^ the Links, if 
they be lefs than 50 ; but if they exceed'50, dou^ 
ble the Chains, add i to them, and take 50 from 
the Links, and the Remainder will be the Links^ 
thus, 

Ch. L. 

1. In 8. 37 of Four-Pole Chains, how mafliy 
2. Two-Pole ones ? 



16. 37 Anfwer. 

mmmmmmmmm 

2. In 
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Ch. L. 
2. In 8. 82 of Four-Pole Chains, how many 
2. 50 Two-Pole ones ? 



«<«^ 



17. 32 Anfwer. 

PROS. III. 

To reduce Four-Pole Chains and Link^ to Perches 

and Decimals of a Perch. 

The Links of a Four-Pole Chain ^e dedmal 
Parts of it, each Link being the hundredth Part of 
a Chain ; therefore if the Chains and Links be mul- 
tiplied by 4, (for 4 Perches are a Chiin)theProdua; 
will be the Perches and dewmal Parts of a Perch^ 
Thus, 

Ch. L. , 
How many Perches in 13. 64 of Four-Pole 
Chains } 4 



Anfwer 54. 56 Perches. 



PRO B, IV. 

To reduce Two-Pole Chains and Links, to Perches 

and Decimals of a Perch. 

They may be reduced to Four-Pole ones, (by 
Prob I .) and thence to Perches and Decimak, (by 
thclaft,) or, 

T If 



w-** 
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If the Links be multiplied by 4, cany one 
to the Chains, when the Links are, or exceed 2 5 ; 
andtheChmns by 2, adcUng one if Occafion be : 
The Produft wiU be Perches, and Decimals rf a 
Perch. Thus, 

C. L. 

I. In 1 7. 21 of Two-Pole Chains, how inany 
a. 4 Perches ? 



Anfwer 34. 84 Perches. 



C L. 

t* In 15- 38 rf Two-Pole Chains, how man J 
2. 4 Perches ? 



Anfwer 31. 52 Perches. 



PRO B. V. 

To rediice Perches, and Decimals of a Pcrdi, tpt 
Four-Pole Chains, and Links. 

Divide by 4, and cut two Decimals from the 
Quotient^ and that will be Four-Pole Chains and 
Links. Thus, 

In 31.52 Perches, how many Four-Pole Chains 

and Links ? 

C. L. 

4)3t«52(7. 88 Anfwer 

35 

32 

peoB. . 



Of the G H A I N, 139 

PR B. VI. 

To rcHuce Perches and Decimate of a Perch, to 
Two-Pole Chains and Links. 

The Perches may be reduced to Four-Pole 
Chains, (by the laft,) and from thence to Two-Pol« 

Chains, (by Prob. z.) or, 

»■ 

Divide the whole Number by 2, the Quotient 
will be Chains ; to the Remainder annex the given 
Decimals ; and divide by 4, the left Quotient will 
be the Links. Thus, 

In 31.52 Perches, how many Two-Pole Chains 
and Linl^ ? . ' 

C. L. 

2)31.52(15. 38 Aftfwer. 



II 



4)152(38 



32 



P.B B. VII. 

t 

TTo ^reduce Chains and Links, to Feet and Decimal 

Piftts of a Foot. 

If they are Two-Pole Chains^ reduce them to 
Four-Pole ones : (by Prob. i.) Thele being muki- 

T 2, - plied 



• 9 
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plied by the Feet in a Four-Pole Chain ^ will 
give the Feet, and Decimals of a Foot. Thus, 

C. L. 
In 17. 2 1 of Two-Pole Plantation-Chains, how 
liiany Feet ? 

' C. L. 

8. yi of Four-Pole Chains. 
84 

3484 Feet Inches. 

6968 Anfwer 731. 7^ 



•MiiW- 



Feet 731.64 
12 



Inches 7.68 

4 



2.72 



P.ROB. Vffl. 

To reduce Feet and Inches to Chains and Links. 

Reduce the Inches to the Decimal of a Footv#iid 
annex that to the Feet ; that divided by th«3?tet 
in a Four-Pole Chain, will give Four-Pole CBams 
and Links in the Quotient : Thele nrny be reduced 
to Two-Pole Chains and Links, if required, by 
Prob. 2. Thus, 

Feet Inches 

In 217. 5l|^ow many Two-Pole Plantal'ion- 
Chains? 

i2)9.oo(.75 the Decimal of 9 Inches. 
60 

. .84^ 
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C L. 

84)217.75(2. 59 of Four-Pole Cliains. 



'^"■■■f" 



497 

C. L. 



775015. 09 of two Pole Chains. 



19 



How to take a Survey by the Chain only. 



PROS. I. 

To furvey a Piece of Ground, by going round it, 
and the Method of taking the Angles of the 
Field, by the Chain only. 

Plate VI. Fig. 5. 

Let A B C D E F G be a Piece of Ground to 
be furveyed : beginning at the Point A, let one 
Qjigi be laid in a direft Line from A towards G, 
v/^itt let a Peg be left as at c^ and again,! the like 
Diftance firom A in a diredl Line towards B, where 
another Peg is alfo to be left as at d : Let the Dif- 
tance from dio cht meafured, and placed in the 
Field-Book, in the fecond Column under the De- 
nomination of Angles, in a Line with Station No. 1 ^ 
and in the fame Line under the Titlk of Diftances, 
in the third Column, let the Meafure of the Line 
AB in Cliains and Links be inferted. Being now 
arrived at B, let one Chain be laid in a direct Line 
from B towards A, where let a Peg be left, at/, 

and 
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and again, the like Diftance from B in a direft Line 
towards C, where let alfo another Peg be left, as at 
e ; the Diftance from ^ to / is to be inferted in the 
Field-Book, in the fecond Column, under Angles, 
, in a Line with Station, No. 2 ; and in the fameLine, 
under the Title of Diftances in the third Column, 
let the Meafure of the Line BC, in Chains and Links, 
be inferted : After the fame Manner we may proceed 
from C to D, and thence to E ; but becaufe the An- 
gle at E, viz. FEDi is an external Angle, after 
having laid one Chain from E to A, and to j^, the 
Diftance from ^ to A is meafured, and inferted in 
the Column of angles, in a Line with Station, No. 
5. and on the Side of the Feld-Book againft that 
Station, we make an Afterilk thus *, or any other 
Mark, to fignify that to be an external Angle, or 
one meafured out of the Ground. Proceed we 
then as before from E to F, to G, and thence to A, 
meafuring the Angles and Diftances, and placing 
tliem as befote in the Field-Book oppofite to their 
refpe<ftive Stations ; fo will the Field-Book be com- 
pleated in Manner follow^ing. ' 

N. B. After this Manner the Angles for inaccef- 
fible Diftances may be taken, and the Method of 
conftruding or laying them down, as well as the 
Cpnftruftion of the Map, from the followuff 
Field Notes, muft be obvious from the MethodTOT 
talcing them. ' ^ 

The Form of the Field-Book, with the Title. 

A Field-Book oi Part of the Land of Grar^e^ in 
the Parifli of Portmamock^ Barony of Coohck^ and 
County of Dublin ; being Part of the Eftate of 
L, P. Efq ; fet to C D. Farmer. Surveyed Janu- - 
jryao, 1768. 

Takca 



of the CHAIN. 



H3 



Taken by a Four-Pole Chain. 



Remarks. 



Mr. J. Z)'s Part of Grange 



I 

2 

Mr, Z/. P's Part oi Portmarfiocli^ 3 

Strand 

* 



Widow 7. G's Part of Gr^^^ 



N». 
Sta. 



Angles. 
C. L. 



4 

5 
6 

7 



1.80 

1-79 

1.76 

1.415 

1.87^ 

1. 14 

1.89 



Oi. lances. 
C L: 



17-65 
18.50 

28.00 

2Q.OO 
19.41 



Clofe at the ilt Station. 

The Signification of the Remarks. 

Mr. y. Z>'s Part of Grange mears, or is adjacent 
to the furveyed Land from the firft to the third Sta«- 
tion : Mr. L. Fs Part of Portmamock mears it from 
the third to the fourth Station : the Strand then is the 
Mcaring from thence to the fixth, and from the fixth 
to the firft Station, the Widow J. G's Part of 
Grange is the Mearing. 

It is abfolutely neceflary to infert the Perfons 
Names, and Town-Lands, Strands, Rivers, Bogs, 
BfVulets, (^c, which mear or circumfcribe the 
Land which is furveyed ; for thefe rauft be expreff- 
cd in the Map. 

In a Survey of a Town-Land, or Eftate, it is 
fuSicient to mention only the circumjacent Town- 
Lands, without the Occupiers Names ; but when a 
Part only of a Town-Land is furveyed, then it is 
neceflary to infert the Perfon or Perfons Names, 

who 






^ 
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who hold any particular Parcel or Parcels of fuch 
Town-Land, as mear the Parts furveyed. 

When an Angle is very obtufe, as moft in our 
prefent Figure are, viz. the Angles at A, B, C, 
E and G ; it will be beft to lay a Chain from the 
angular Point as at A, on each of the containing 
Sides to c and to d ; and any where nearly in the 
Middle of the Angle as at e : meafuring the Dif- 
tances ce and ed ; and thefe may be placed for the 
Angle in the Field-Book. Thus, 

■ • • •. No. Sta. Angle Did. 

C. L. C. L. 

For when an Angle is very obtufe, the Chord 
Line, as cd^ will be nearly equal to the Radii hcy 
and A// ; (it if the Arc ced be fwept, and the Chord 
Line cd be Bfid on it, it will be difficult to deter- 
mine exaftly, that Point in the Arc where cd cuts 
it : But if the Angle be taken in two Parts as C0^ 
and ed ; fuch Cords may with Safety be laid on the 
Arc, and the Angle thence may be tAdy determia- 
ed and conftruftcd. 

After the fame Manner any Piece of Ground 
may be farveyed by a Two-pole Chain. 

P RO B, \L. 

To take a Surve} of a Piece of Ground from 
any Point within it, from whence all the Angles can 
be feen ; by the Chain only. 

Let 



of the C tt A I K. 



HS 



i>latcVI. Fig. 6. 

Let a Maik be fixed at'any Point in the Ground, 
as at H, from whence all the Angles can be feen ; 
let the Meafures of the Lines HA, HB, HC, i^c. 
be taken to every Angle of the Field fian the Point 
H ; and let thofe be placed oppofite to No. r, 2, 
3, 4, i^c. m the fecond Column of Radii : The 
Meafures of the refpedive Lines of the Mearing, 
viz. AB, BC, CD, DE, £s?r. being placed in the 
third Column of Diftances, will compkat the Field- 
Book. Thus, 



Remarks; 


No. 


Radii. 
C. L. 


Dillances. 
C. 1.. 






I 


20.00 


17-65 






2 


21.72 


18.50 






3 


21.74 


2ii.oo 






4 


25-34 


20.00 






.5 


17.20 


1483 






6 


29.62 


19.41 






7 


21 . 20 


24-53 


» 


Cl( 


Dfe at the ift Station.! 



If any line of the Field be inacefiible, as firppofe 
CD to be, then by Way of proof that the Diftance 
CD is true, let the Meafure of the Angle CHD be 
taken by the Line oo^ with the Chain : If this Angle 
correfporids with its containing Sides, the Length 
of the Line DC is truly obtained, and the whole 
Work is truly taken. 

Note, That in fetting off an Angle it is neceflary 
to ufe the largcft Scale of Equal Parts, viz. that 

U of 




t<. 
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of the Inch, which is diagonally cUvided into 
I oo Parts, in order that the Angle fliould be ac- 
curately laid down ; or if two Inches were thus 
divided for Angles, it would be the more eXaft ; 
for it is by no Means neceffiiry that the Angles 
Ihould be laid from the fiiid Scale with thcftatio- 
nary Diftances. 

PROS. m. 

To take Ji Survey by the Chain only, when all the 
Angl« cannot be feen from one Point within. 

Plate VI. Fig. 7, ' 

'.^ 
Let the G4:ound to* be furveyed be reprefented by 
I? 2, 3, 4, i£c. Since all the Angles cannot be feen 
from one Pcant, let us affume 3 Points as A, B, C^ 
from whencg'they may be feen ; at each of which 
let a Mark q| put, and the refpedtive Sides of the 
Triangle be meafured and fet down in the Field- 
Book ; let the Diftanqes from A to i , and from B 
to I, be meafured, and thefe will determine the 
Point I ; let the other Lines which flow from A, B, 
C, as well as the Circuit of the Ground, be tiien 
meafured as the Figure direds ^ and thence the 
Map may be cafily conftrufted. 

There are other Methods may be ufed ; as di- 
viding the Ground into Triangles, and m^uring 
the 3 Sides of each ; or by m^uring the Bafe and 
Perpendicular of each Triangle. But this we Ihall 
fpeak of hereafter. 

PROB. 
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P RO B. W, 

How to fake any inaccejftble DiJiancCj by the Chain only. 

Plate Vin. Fig. 8. 

Suppofe AB to be the Breadth of a River, or any 
other inacceflible Diftance, which may be required. 

Let a Staff or any other Objed be fet at B. 
jdraw yourfelf backward to any convenient Diftance 
G;' fo that B may cover A : FromB, layoff any 
other Diftance by the River's Side to E, and com- 
pleat the Parallelogram 'EBCQ: Stand at D, and 
caufe a Mark to be fet at F, in the ^Direftion of' 
A ; * caeafur^ the Diftance in Einks from E to F, 
and FB will be alfo given. Wherefore EF : ED 
: : FB : AB. Since its plain (fromPart 2,Theo, 
3. Sedl. I. and Thco. a. Seft. i.) tlk Triangles 
pFD, BFA, are mutually equi-angular. 

If Part of the Chain be drawn from B to C, aijd 
the other Part from B t© E j and if the End? at E 
and C be kept fal^, it wilj be eafy to turn the Chain 
over to D, fo as to compleat a Parallelogram ; by 
reckoning off the fame Number of Linl^ you had 
in BC, from E to D, and pulling each Part ftraight. 



■■>. 
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By this Method your Stations are laid out to thrf 
beft Advantage, and two Men may do the Bufinefs 
of three, for one of thofe who chain may be your 
Object ; but in Fore-Sights, you mull have an 
Objeil before you, befides two Chainmen. 

It was faid before, that a Surveyor Ihould have a 
Pcrfon with him to carry the hinder End of the 
Chain, on whom he can depend : This Perfon fliould 
be expert and ready at taking Off-fets, as well as cx- 
a£t in giving a faithful Return of the Length of eve- 
ry fiationary Line. One who has fuch aPerfon, and 
who ufes Back-Sights, will be able to go over near 
double the Ground he could at the fame Time, by 
taking Fore-Sights. But if a Surveyor has no fuch 
Perfon on whorri he can with Safety depend, hemuft 
take Fore-Sights, becaufe of overfeeing the Chain- 
ing ; for fhould he take Back-Sights, he muft be 
obliged, after taking his Degree, to go back to the 
foregoing Station, to overfee the Chaining, and by 
this means to walk three Times over every LinCy 
which is a Slavery not to be bora. 

Or a Back and a Fore-Sight may be taken at 
one Station, thus ; with the South of the Box to 
your Eye, obferve from B the Obj^ft A, and fet 
down the Degree in your Field-Book, cut by the 
South End of the Needle. Again, from B obfeive 
an Objeft at C, with the North of the Box to your 
Eye, and fet down the Degree cut by the South 
Point of the Needle, fo have you the Bearings of 
the Lines AB and BC ; you may then fet up your 
Inftrument at D, from whence take a Back-Sight 
to C, and a Fore-Sight to E ; thus the Bearings 
may be taken quite round, and the ftationary Dif- 
tances being annexed to them, will compleat the 
Field-Book. 

But 



Of the CIRCUMFERENTOft. iS3 

iBut in this laft Method, Care mull be taken to 
Fee that the Sights have not the leaft Caft on either 
Side ; if they have, it will deftroy all : And yet 
with the fame Sights you may take a Survey 
by Fore-Siehts, or by Back-Sights only, with ad 
great Trutn as if the Sights were ever fo ereft, pro- 
vided the fame Caft continues without any Altera- 
tion : But upon the whole, Back-Sights only will be 
found the readieftMe^lial. 

If your Needle be pointed at each End, in taking 
Fore- Sights, you may turn the North Part of the 
Box to your Eye, and count your Degrees to the 
South Part of the Needle, as before ; or you may 
tiim the South of the Box to your Eye and count 
your Degrees to the North End of t;he Needle. 

But in Eack-Sights you.may turn the North of 
the Box to your Eye, and count your Degrees to 
tlie North Point of' the Needle ; or you may turn 
the South of the Box to your Eye, and count your 
Degrees to the South End of the Needle. 

The Brafs Ring in the Box is divided on the 
Side into 360 Degrees, thus ; from the North to 
the Eaft into 90, from the North to the Weft into 
90, from the South to the Eaft into 90, and from 
the South to the Weft into 90 Degrees ; fo the 
Degrees are numbered from the North to the Eaft 
or Weft, and from the South to the Eaft or 
Weft. 

The Manner of ufmg this Part of the Inftrument 
is this : Having directed your Sights to theObjedt, 
whether Fore or Back, as before ; obferve the two 
Cardinal Points of your Compafs the Point of the 

X NeedU 
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Needle lies between, (the North, South, Eaft and 
Weft being called the four Cardinal Points, and are 
graved on the Bottonm of the Box,) putting down 
thofe Points together by their initial Letters, and 
thereto annexing the Number of Degrees, counting 
from the North or South, as before, thus : If the 
Point of your Needle lies between the North and 
Eaft, ^sTorth and Weft, South and Eaft, or South 
and Weft Points in the Bottom -of the Box, then 
put down NE, NW, SE, or SW, annexing there- 
to the number of Degrees cut by the Needle on the 
Side of the Ring, counting from the North or 
South, as before. 

But if the Needle Points exaftly to the North, 
South, Eaft, or Weft, you are then to write down 
N, S, E, or W, without annexing any Degree. 
This is the Manner of taking Field Notes, where- 
by the Content of Ground may be univerfally deter- 
mined by Calculation ; and they are faid to 'be 
taken by the Quarter 'd Compafs, or by the four 
Nineties. 

^ofind the Number of Degrees ^ contained in any given 

. Angle. 

Set up your Inftrument at the Angular Point, 
and thence direft the Sights along each Leg of the 
Angle, and note down t!iier refpedive Bearings as 
before ; the Difference of thefe Bearings, if lefs 
than 1 80, will be the Quantity of Degrees contain- 
ed in the given Angle ; but if more, take it froni 
360, and the Remainder will be the Degrees con- 
tained in the given Angle. 

OF 



O F T H E 



THEODOLITE. 



THIS Inftriiment is a Circle, commonly of 
Brafs, of ten or twelve Inches in Diameter, 
whofe Limb is divided into 360 Degrees, and thofe 
again are fubdivided into fmaller Parts as the Mag- 
nitude of it will admit ; fometimes by equal Divi- 
iions, and fometimes by Diagonals, drawn from one 
concentric Circle of the Limb to another. 

In the Middle is fixed a Circumferentor, with a 
Needle ; but this is of little or no Ufe, except in 
finding a Meridian Line, or the proper Situation of 
ihe Land. 

Over the Brafs Circle is a Pair of Sights, fixed to 
a moveable Index, which turns on the Center of 
the Inftrument, ^d upon which the Circumferentor 
- ©ox is placed. 

This Inftrument will either give the Angles of 
the Field, or the Bearing of every ftationary Dif- 
tance Line, from the Meridian ; as the Circumfe- 
jrentor and QuMwed Compafs do. 

Firft then, To tah the Angles of th Field, 

Plate VI. Fig. 6. 

l^fLy the Ends of your Index to s^o^ ^nd 180 ; 

X S turn 
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turn the whole about with the ?6o from vou, dire£t 
the Sights from A to G, and Icrew tlie Inftniment 
faft ; direct them from A, to cut the Objed at B j 
the Degree then cut by that End of the Index 
which is oppofite to you, will be the Quantity of 
the Angle GAB, to place in your FicHi-Book ; to 
which annex the Mcafure of the Line AB, in 
Chains and Links : Set up your Inftrument at B, 
unfcrew it, and lay the Ends of your Index to 560, 
and 1 80 ; turn the whole about with the 360 from 
you, or 1 80 next you, till you cut the Obje£l at 
A; fcrew the Inftrument faft, and direct your 
Sights to the Objeft at C, and the Degree then cut 
by that End of the Index which is opf)ofitc to you, 
will be the Quantity of the Angle ABC. Thus 
proceed from Station to Station, ftiil laying the 
Index to 360, tinning it from you, and obferving 
the Object at the foregoing Station, fcrewing the 
Inftrument faft, and oblerving the Objefl at the 
following Station, and counting the Degrees to the 
oppofite End of the Index, will give you the Qusin- 
tity of each refpcctive xAngle. 

L E M M J. 

All the Jn^-es of airj PchZ'^j ar^ fqful to ttoi^ 
as /;;.i«y Riiht-Anjcs cis thre are Sides Jet's bvfour. 
T^hto, \tH the Angles A, B, C, D, £, /; G, are 
ttlUiil tn twice iU fna}ty Ri^ht-An^les, ds there eert 
&^i m (he /-f^^urCf Icfs by fcur, 

riairVI. r,cv. 6. 

I c-i ilic !\>l\f;(»n Ik difpofed into Triangles, by 
I iiu.^ .l.cixMi Im III nnv :i!r:p;p.cd Point H within it, 
,., V\ iliv J ui<t HA, \\\\ KC, fcf.*. It is evident 

lhcr4 
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then (byTheo.'5. Sed. i.) that the three Angles 
of each Triangle are equal to two right -, and con- 
fequently, that the Angles in all the Triangles, 
ate twice as many right ones as there are Sides : 
But all the Angles about the Point H, are equal 
to four right (by Cor. -2. Theo. i. Seft. i.) ^ 
therefore the remaining Angles are equal to twice 
as many right ones as there are Sides in the Fi^ 
gure, abating four. Q^E. D. 

SCHOLIUM. 

Hence we may know if the Angles of a Survey be 
truly taken : For if their Sum be equal to twice as 
many Right- Angles, a3 there are Stations, abating 
four JRight'Angles, you may conclude that the An- 
gles were truly taken, otherwife not. 

If you take the Bearing of any Line with the 
Circumferentor, that Bearing will be the Number 
of Degrees the Line is from the North ; confequent- 
ly the North muft be a like Number of Degrees 
from the Line, and thus the North, and of courfe 
the South, as well as the Eaft and Weft, or the Si- 
tuation of the Land, is obtained. jj^ 

Secondly, To take the Bearing of each refpe5live 
JJne from the Meridian ; or to perform the Office of 
the Circumferentor^ or garter' d Compafs^ by the Theo^ 
doKtc, 

Set your Inftrument at the firft Station, and lay 
the Index to 360 and 180, with the Fhwer-de-Luce 
of the Box next the 360 ; unfcrew the Inftrument, 
^nd turn the whole about, till the North and South 
Points of the Needle cut the North and South Points 
jn the Box } then fcrew it faft, fo is the Inftrument 

North, 
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North, and South, abftracled of the Varia- 
tion. 

The Circumfcrentor Box may be then taken off. 

Direft the Sights to the Objeft at the fecond 
Station, and the Degree cut by the oppofite 
End of the Index will be the Bearing of that 
Line from the North, and tlie fame that.the Cir- 
ciimferentor would give. 

After having meafured the ftationary Diftancie, 
fet up your Inftrument at the fecond Station , un- 
icrew it, and fet either End of the Index to 
the Degree of the laft Line, and turning the whole 
about with that Degree towards you, dir^d.your.r 
Sights to an Objedl at the foregoing Station, an4 
fcrev/ the Inftrument faft ; it ' will then be paral- 
lel to its former Situation, and confequently 
North and South : Dired then your Sights to 
iin Objed at the following Station, and the De- 
gree cut by the oppofite End of the Index, will 
be the Bearing of that Line* 

In like Manner you may proceed through the whole, 

■ If the Brafs Circle be divided into four Nineties^ 
from 360 and 1 80, and the Letters N, S, E, W, 
be applied to them ; the Bearings may be obtain- 
ed by putting down the Letters the far or oppofite 
End of the Index lies between, and annexing there- 
to the Degrees from the N or S 5 and this 13 thQ 
feme a« the Quarter'd Compafs, 

If you keep the Compafs Box on, to fee the 
mutual Agreement of the two Inftruments ; after 
having fixed the Theodoiite North ancj South, as 

before j 
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before -, turn the Index about whh the North End» 
or Flower-de-Luce, next your Eye, and count the 
Degree to the oppofite, or South End of the Index^ 
and this will correfpond with the Degree cut by the 
South End of the Needle. 

At the Second, or next Station, unfcrew the In- 
ftrument, and fet the South of the Index to the De- 
gree of the iaft Station ; turn the whole about, with 
the South of the Index to you, and cut the Objea 
at the foregoing Station ; fcrew the Inftrumeiit 
fall, and with the North of the Index, to you, cut 
the Objedt at the next following Station, the Degree 
then cut by the South of the Index will corre- 
fpond with the Degree cut by the South End of the 
Needle, and fo through the whole. 

Some Theodolites have a ftanding Pair of Sights 
fixed at 360 and 180, befides thofe on the move- 
able Index : If you would ufe both, look thro* 
the ftanding Sights, with the 180 next you, to 
an Objeft at the foregoing Station ; fcrew the 
Inftrument faft, and direft the upper Sights on 
the moveable Index, to the Objedt at the follow- „. ^i 
ing Station, and the Degree cut by the oppofite ^jJS^ 
End of the Index, will give you the Quantity of the. K ■ 
Angle of the Field. 

Two Pair of Sights can be of no Ufe in finding 
the Angles from the Meridian : andinafnluch asone 
Pair is fufficient to find the Angles of the Field, the 
fecond can be of no Ufe : Befidcs, they obftai^ 
the free Motion of the moveable Index, and there- 
fore are rather an Incumbrance than of any real 
Ufe. Some will have it, that they are ufeful with the 
others, for fetting off a right Angle, in taking an 
Off-fet J and furely this is as eafily performed by 

tlie 
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the one Pair on the moveable Index ; Thus, if yoU 
lay the Index to 360, and 1 80, and cut the Objed 
either in the laft or following Station, fcrew the In- 
ftrument fall, and turn the Index to 90 and 270, and 
then it will be at Right Angles with the Line. So 
that the fmall Sights, or thofe to the Circle, can be 
of no additional Ufe to the Inftrument, and there- 
fore (hould be laid afide astufelefs. 

This Inftrument may be ufed in windy and rainy 
Weather, as well as in mountainous and hilly 

- Grounds ; for it does not require an horizontal Pofi- 
tion to find the Bearing, or Angle, as the Needle 
doth ; and therefore is preferable to any Inftrument 
that is governed by the Needle. 

' •• 
Mr. Gabriel StokeSy formerly Mathematical Inftru- 
ment-Maker, and Surveyor of Land, in Efjex-Street^ 
Dublirty has contrived a fmall Inftrument of this 
Nature, about fix or feven Inches Diameter^ 
which is accurately divided, and is much more por- 
table than a Theodolite, which he calls ^^Pantometron : 
Which may be had upon Application to Mr. Tfex. 

. Peadingy Mathematical Inftrument-maker and Sur-' 
veyor of Land, who ferved his Time to the &id 
Mr. Stokes J at prefent dwelling in George' s-Lane, neat 
Siejphen'S'Ssreef^ Dublin. 
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SEMICIRCLE. 



. . • 



His Inurument, as its Name imports, is a 
half Circle, divided from its Diameter^ into 

degrees, and from thence again, that is, from 
-o, to 360: It is generally made of Brafs, and is 
from' 8 to 16 Inches Diameter, 

On the Center there is a moveable Index with 
Sights^ on which is placed a Circumferentor-Box, 
ais in tht Theodolite. 

This Inftrument may be ufed as the Theodolite ^ 
in all Refpefts ; but with this Difference, when you "*' ' 
are? to reckon the Degree to that End of the Index 
wjhich is off of the Semicircle, you may find it at 
.the other End, reckoning the Degree from 1 80 
forwards* - . 



OF 
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PLANE TABLE. 

A Plane Table is an Obhiig of Oak, or other 
Wood, about 1 5 Inches long, and 1 2 broad ; 
they are generally cx)mpofed of 3 Boards, which are 
cafdy taken afunder, or put together, for the Con- 
veniency of Carriage. 

There is a Box Frame, with 6 Joints in it, tQ 
take off and put on as Occafion ferves : it keeps the 
Table together, and is likewife of Ufe to keep down 
a iSheet of Paper wMch is put thereon. w . 

The OutCde of the Frame is divided into fciches 
and Tenths, which ferve for ruling Parallels or 
Squares on the Paper, or for fliifting it, when Oc- 
cafion ferves. 

The Infide of the Frame is divided mto 360 De- 
grees, which, tho' unequal on it, yet are the De- 
grees of a Circle produced from its Center, or Cen- 
ter of the Table, where there is a fmall Hole. 

The Degrees are fubdivided as fmall as thdr 
Diftance will admit ; at every tenth Degree are two 
Numbers, one the Number of Degrees, the other 
its Complement to 360. » 

There is another Center Hole, about j; of the 
Table's Breadth from one Edge, and is in the Mid- 
dle between the two Ends. To this Center Hole 
on the other Side of the Frame, there are the Divi- 
fions of a Semicircle, or 180 Degrees ; and thefe 
again are fubdivided into Halfs, or Quarters, as 
the Size of the Inftrument will admit. 

That 
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That Side of the Frame on which the 360 De- 
grees are, fupplies the Place of a Theodolite, the 
other that of a Semicircle. 

There is a Circumferentor Box of Wood, with a 
Paper Chart at the Bottom, applied to one Side of 
the Table by a Dove-tail Joint, faftened by a Screw. 
This Box (befides its rendering the Plane Table ca- 
pable of anfwering the End of a Circumferentor) 
is very ufeful for placing the Inftrument in the 
ikme Pofition every Remove. 

There is a Brafs Ruler or Index, of about two 
inches broad, with a fharp or fiducial Edge, at each 
End of which is a Sight : On the Ruler are Scales 
of equal Parts, with and without Diagonals, and a 
Scale of Chords ; fte whole is fixed on a Ball and 
Socket, and fet on the three legged Staff! 

I . To take the Angles of the Field by the Table. 

Having placed the Inftrument at the firft Station, 
turn it about till the North End of the Needle be 
over the Meridian, or Flower-de-Luce of the Box, 
and there fcrew it faft. Aflign any convenient 
Point, to which apply the Edge of the Index, fo 
as thro' the Sights you may fee the Objedt in the 
laft Station, and by the Edge of the Index, from the 
Point draw a Line. Again, turn about the Index 
with its Edge to the fame Point, and thro' the 
Sights obferf e the Objeft in the fecond Station, and 
from the Point, by the Edge of the Index, draw 
another Line ; fo is the Angle laid down : On that 
laft Line fet off the Diftance to tlie fecond Station, 
in Chains and Links : Apply your Inftrument to the 
fecond Station, taking the Angle as before ; and 
after the like Manner proceed till the whole is 

finilhed. 

Y % This 
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This Method may be ufed in good Weather, if 
the Needle be well touched and plays freely •, bitt 
if it be in windy Weather, or the Needle out of Or- 
der, it is better, after having taken the firft Angle 
^s before,, and having removed your Inftrument to 
the fecond Station, and placed the Needle over the 
Meridian Line as before, to lay the Index on the laft 
drawn Line, and look backward tliro' the Sights ; if 
you then fee the Objeft in the firft Station, the 
Table is fixed right, and the Needle is true, if not, 
turn the Table about, the Index lying on the laff 
Line, till thro' the Sights ypu fee the Objeft in 
the firft Station ; and then fcrew it fafl, and keeping 
the Edge of the Index to the fecond Station, ^ired: 
your Sights to the next ; draw a Line by the Edge 
of the Index, and lay off the n^t Line ; and pro- 
ceed fo thro' the whole withourufing the Needle^' 
as you do with the iJieodolite. • 

If the Sheet of Paper on the Table be not large 

enough to contain the Map of the Ground you 

ilirvey, you muft put on a clean Sheet, when the 

other is full ; and this is called Shifting of Paper, 

and is thus performed. ' ' 

PfateVI. Fig. 8. 

Let ABCD reprefent the Sheet of Paper on the 
Plane Table, upon which the Plot E, F, G, H, I, 
K, L, M, is to be drawn ; let the firft Station be 
K, proceed as before from thence to F, and to G ; 
then proceeding to H, you find there is not Room 
on your Paper for the Lipe GH : However, draw* 
£S much of the Line GH, as the Paper can hold, 
or draw it to the Paper's Edge. Move your In- 
ftrum^^nt back to the firft Station E, and proceed 
the contrary Way to M, and to L j but in going 
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from thence to I^, y«u again find your Sheet won't 
hold it ; however, draw as much of the Line LK 
pn the Sheet, as it can hold. 

Take that Sheet off the Table, firft pbfervin^ 
the Diftance qo X)f the Lines GH, and LK, by the 
Edge of the Table ; take off that Sheet, and mark 
it with No. I, to fignffy it to be |he firft taken off. 
Having then put on another Sheet, lay that Diftance 
00 on the contrary End of the Table, and fo pro- 
ceed as before with the Refidue of the Survey, 
from to H, to K^ and thence to j fo is your 
Survey compleat. 

In the like Manner you may proceed to take oflEl 
and put on, as many Sheets as are convenient ; and 
thefe may afterwards be joined together with Mouth 
Glue, or fine white Water very thin. 

If the Index be fixed to the firft Center, ufing 
the 360 Side, it will .then ferve as a Theodolite, 
and when to the fecond Center, ufing the 1 80 Side, 
it will ferve as a Semicircle ; by either of which you 
may furvey in rainy Weather, when you cannot 
jiave Paper on the Table. 



To 



To take an Angle of Altitude by 

the Ctrcumferentor^ Theodolite^ 
Semicircle^ or Tlane Table. 



I. 



To take an Angle of Altitude hy the Circumferentor, 



LE T the Glafs Lid be taken off, and let the In- 
ftmment be turned on one Side, with the 
Stem of the Ball into the Notch of the Socket, fd 
that the Circle may be perpendicular to the Plane 
of the Horizon ; let the Inftrument be placed in 
this Situation before the Objedt, fo that the Top 
thereof may be feen thro' the Sights : Let a Plum- 
met be fufpended from the Center Pin, and^the 
Objedt being then obferved, the Complement of the 
Number of Degrees, comprehended between the 
Thread of the Plummet, and that Part of the In- 
ftrument which is next your Eye, will give the An- 
gle of Altitude required. 

2. If an Angle of Altitude is to be taken by 
'the Theodolite, or Semicircle, let a Thread be run 
thro' a Hole at the Center, and a Plummet be fuf- 
pended by it ; turn the Inftrument on one Side, 
by the Help of the Ball and Notch in the Socket 
for that Purpcfe, fo that th^ Thread may cut 90, 
having 360 Degrees next you : Screw it faft in that 
Pofition, and thrtfthc Sights cut the Top of the 

Objeas.i 
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Objedts ; and the Degrees then cut by the End 
of the Index next you, are the Degrees of Ele- 
vation required. An Angle of I>preffion is taken 
the contrary Way. 

3. By the Plane Table an Angle oi Altitude is 
taken in the like Manner, by fufpendinj^ a Plum- 
met from the Center thereof, having turned 
the ^ablfe on onelSide, and fixed the Index to the 
Center by a Screw, fo as to move freely, ht the 
Thread cut 90, .look thro* the Sights as before, and 
you have the Angle of EJevation, and on the coa- 
tmrythatof Depreffion. 



OP 
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PROTRAGTOR* 



H E Protra9E6r.is aS^tnidrcle ann^^ to a 
Scale, and is made of Brafs, Ivory^ or H9rn j 
its Diameter is generally about five or fix Inches. 

The Semicircle contains three concentric Semi* 
circles, at fuch Diftances fi-om each other, that thfJ 
Spaces between them may contain Figures. 

\ 

The outward Circle is numbered from the Right 
to the left Hand, with lo, 20, 30, i^c. to 180 
Degrees ; the middlemoft the fame Way, from 
1 80, to 360 Degrees ; and the innermoft, fronl the 
upper Edge of the Scale both ways, from 10, 20, 
30, £s?r. to 9c Degrees. 

It is eafy to conceive that the Protraftor, tho' ^ 
Semicir6}e, may be made to fupply the Place of* 
a whole Circle ; for if a Line be drawn, and tlie 
Center-hole of the Protraftor be laid on any Point 
in that Line, ihe upper Edge of the Scale corre- 
fponding with that Line, the Divifions on the Edge 
of the Semicircle will run from o, to 1 80, from 
Right to Left : Again, if it be turned the 
other Way, or downwards, keeping the Center- 
"hole thereof on the aforefaid Point in the Line, 
then the Divifions will rui^from 180 to 360, 

y and 
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and fo compleats an entire Circle with the former 
Semidrcle. 

The Ufe of the Protrador is to lay off Angles, 
and to delineate or draw a Map, or Plan, of any 
Ground from tlie Field-Notes 5 and is performed in 
the following Manner. 

To protraB a FkU-Book^ when the Angles are taken 

from the Meridian. 

Plate VI. Fig. 9. 

On your Paper, rule Lines parallel to each other, 
at an Inch afunder, (being mbft ufual) or at any 
other convenient Diftance ; on the left End of the 
Parallels put N, for Norths and on the right S, 
for South : put E at the Top for Eaft, and W at 
jhe Bottom of your Paper for Welt 

Then let the following Field-Book be that which 
16 to be protracted, the Bearings being taken from 
the Meridian, whether by a Circumferentor, Theo- 
dolite, or Semicircle, and meafured with a Two* 
Pole Chain. 



No.j 


Bearing. 


C. L. 


2 




55-20 
12.36 


n 

i 

4 


317 
266 


29.20 
55-20 


5 
6 

7 


^9i 
124 

63I 


40.00 
76.00 

87.02 



Clol'e at the tiitt Station, 



Fitcl) 



tho Qf the PROTR'ACTfiR. 

Pitch upon any convenient Point on your Paper, 
for your firft Station, as at i, on which lay the 
Center-hole of your Protraftor, with a Protrading- 
Pin ; then if the Degrees be lefs than 1 80, turn 
the Arc of your Protiaftor downwards, or towards 
the Weft; but if more than 180, upwards, or to- 
wards the Eaft. 

Or if the Right-Hand be made the North, and 
the Left the South, the Weft will be then up, and 
the Eaft down. 

In this Cafe, if the Degrees be lefs than 1 8o» 
turn the Arc of your Protrador upwards, or to- 
wards the Weft J and if more, downwards^ or to 
the Eaft. 

By the foregoing Ficld-Book, the firft Bearing is 
283^; .turn the Arc of your Ptotraftor upwards, 
keeping the Pin in the Center-hole, move the Pro- 
tradtor fo that the Parallel Lines may cut oppofite 
Divifions, either on the Ends of the Scale, or on 
the Degrees, and then it is parallel. This muft be 
always firft done, before you lay off your Degrees. 

Then by the Edge of the Semicircle keeping the 
Protractor fteady, with the Pin prick the firft Bear- 
ing 2835-, and from the Center Point, thro' that 
Point or Prick, draw a blank Line with the Pin, on 
which from a Scale of equal Parts, or from the 
Scale's Edge of the Protra£tor, lay off the Diftance 
55C. 20L. fo is that Station protraded. 

V At 
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At the End of the firft Station, or at 2, which 
IS the Beginning of the fecond, with the Pin place 
the Center of the Protractor, turnfaig the Arc up^ 
becaufe the Bearing of the fecond Station is more 
than 1 80, vizr^Ar^T;. Place your Protractor paral- 
lel as before, and by the Edge of the Semicircle, 
with the Pin prick at that Degree ; thro' which and 
the End of the foregoing Station, draw a blank 
Jl.ine, and on it fet the Diftance of that Station. 

In the like Manner proceed thro' the whole, only 
obferve to turn the Arc of your Protradtor down, 
when the Degrees are lefsthan 180. 

If you lay off the ftationary Diftances by the 
Edge of the Protradtor, it is necefl&ry to obferve, 
that if your Map is to be laid down by ^ Scale of 
40 Perches to an Inch, every Divifion on the Pro- 
tractor's Edge will be one TwoJPole Chain ; ^ a 
Divifion will be 25 Links, and :|of a Divifion wUl 
be 1 2^ Links. 

If your Map is to be laid down by a Scale of 20 
Perches to an Inch, two Divifions will be one 
Two-Pole Chain ; one Divifion will be 25 Liiiks; 
5- a Divifion 1 2^ Linlcs, and :f of a Divifion will 
be 6j; Links. 

In the general, if 25 Links be multiplied by the 
Number of Perches to an Inch, the Map is to be 
Uid down by, and the ProduCt be divided by 20 \ 
(or which is the fame Thing, if you cut off pne 
^nd take the; half,) you will have the Value of one 
Divifion on the Protractor's Edge, in Links and 
Parts. 

Z a Example. 




*!• 
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Example. 

I . How many Links in a Divifion, if a Map be 
laid down by a Scale of 8 Perches to an Inch ? 



^5 
8 



2 



]d)20\Q 

lo Links. Anfwer. 

i. How many Links in a Divifion, if a Map be 
laid down by a Scale of lo Perches to an Inch ? 



«5 

lO 



2lo)25(o 

12.5 or 12^ Links. Anfwer. 
And fo of any other. 

fio protraSi a FieU-Book^ taken by the Angles (f the 

- Field. 

Note, We here fiippofe the Land furveyed is 
kept on the right Hand as you furvey . 

Draw a blank Line with a Ruler of a Length 
^eater than the Diameter of the Protradtor ; pitdl 
upon any convenient Point therein, to which apply 
the Center-hole of your Protractor with your Pin^ 
turning the Arc upwards if the Angle be lefs tharx 
180, and downwards if more ; and obferve to keep 
the upper Edge of the Scale, or 1 8O; and o Degreefii 

vpon 
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• 

iipon the Line : Then prick off the Number of De- 
grees contained in the given Angle, and draw a 
Line fiom the firft Point through the Point at the 
Degrees ; upon which lay the ftationary Diftance, 
Let this Line be lengthened forwards and backwards, 
keeping your firft Station to the Right, and fecond 
to the Left ; and lay the Center of your Protractor 
over the fecond Station, with your Pin, turning the 
Arc upwards, if the Angle be lefe than 1 80, and 
downwards, if more : and keeping the 1 80 and o 
Degrees on the Line, piick off the Number of De- 
grees contained in the given Angle, and thto* that 
romi and the laft Station draw a tine, on which 
lay the ftationary Diftance : And in like Manner 
proceed through the whole. 

In all Protractions, if the End of the laft Station 
falls exadly in the Point you begin at, the Field- 
Work and Protraction are truly taken, and perform- 
ed ; if not, an Error muft have been committed in 
one of the in : In fuch Cafe, make a fecc«id Pro- 
traction ; if this agrees with the former, and nei- 
ther meet or clofe, the Fault is in the Field- Work, 
and not in the ProtraCtion : And then a Re-furvey 
muft be taken. 



Sect, 
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SECT. IV. 



CotUamtig Five various Methds ly which the Areas 
of Bi^ht-ined Figures may be deter minedy two (f 
ivhich v^^re never yet pMJhed, 



DEFINITION. 



TH E Area or Content of any Plane Surface 
in Perches, is the Number of Square Per^ 
ches, that Surface contains. 

Plate VII. Fig. i. 

Let ABCD reprefent a Reftangular Parallelo- 
gram, or Oblong : Let the Side AB, or DC, con- 
tain 8 equal Parts ; and the Side AD, or EC, 
three of fuch Parts : Let the Line AB be move4 
in the Dire<5tion of AD, till it has come to EF ; 
where AE, or BF, (the Diftance of it from its firft 
Situation) may be equal to one of the equal Parts. 
Here 'tis evident, that the generated Oblong ABEF, 
will contain as many Squares as the Side AB con- 
tains equal Parts, which are 8 ; each Square 
having for its Side one of the equal Parts, into 
which AB, or AD, is divided; Again, let AB 
move on till it comes to GH, fo as GE, or HF, 
may be equal to AE, or BF ; then it is plain that 
the Oblong AGHB, will contain twice as many 

Squares 
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Squares as the Side AB contains Equal Parts. After 
the fame Manner it will appear, that the Oblong 
ADCB will contain three times as many Squares as 
the Side AB contains equal Parts ; and in general 
that every Redtangular Parallelogram, whether 
Square or Oblong, contains as many Squares as the 
Produft of the Number of equal Parts in the Bafe," 
multiplied into the Number of the fame equal Parts 
in the Height, contains Units, each Square having 
for its Side one of the equal Parts. 

Hence arifes the Solution of the following 
Problems. 

PROS. I. 

♦7J? fiftd the Content of a Square Piece of Grotind. 

1. Multiply the Bafe in Perches, into the 
Perpendicular in Perches, (or fquare the Bafe) the 
Produdl will be the Content in Perches ', and 
becaufe 160 Perches make an Acre, it muft 
thence follow, that 

Any Area, or Content in Perches, being divided 
by 1 60, will give the Content in Acres : the remain- 
ing Perches, if more than 40, being divided by 
40, will give the Roods, and the laft Remaiur 
der, if any, will be Perches. 

Or thus : 

2. Square the Side in Four-Pole Chains and 
Links, and the Product will be ftjuare Four-Pole 
Chains and Links ; divide this by i o, or cut off 
one more than the Decimals, which are five in all^ 
from the Right tov/ards the Left : The Figures 

refting 
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reiling to the Left are Acres, becaufe lo fiqudrd 
Four-Pole Chains make an Acre, and the remaining 
Figures are Decimal Parts of an Acre. Multiply 
the five Figures to the Right by 4, cutting 5 
Figures from the Produft, and if any Figure be 
to the Left of them, it is a Rood, or Roods ; 
tnultiply the laft cut off Figures by 40, cut- 
ting off five, or (which is the fame thing) by 4, cut- 
ting off four ; and the remaining Figures to the 
l^eft, if any, are Perches* 

1. The firft Part is plain, from confidering that a 
Piece of Ground in a fquare Form, whofe Side is a- 
Perch, mull contain a Perch of Ground ; and that 
40 fuch Perches make a Rood, or Stang, and four 
Roods an Acre ; or which is the fame Thing, that 
I 6q fquare Perches make an Acre, as before. 

2. A fquare Four-Pole Chain (that is a Piece of 
Ground four Poles or Perches evety Way) muft con- 
tain 1 6 fquare Perches : and fince 1 60 Perches make 
an Acre, therefore 10 times 16 Perches, or 10 
fquare Four-Pole Chains make an Acre. 

Note, that the Chains given, or required, in 
any of the following Problems, are fuppofed 
Two-Pole Chains, that Chain being moft common- 
ly ufed in this Kingdom. 

Examples. 

C. L. 

Let ABCD be a fquare Field, whofe Side is 1 4. 29 ; 
I demand the Content in Acres. 

By 
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fiy Problem /^ Section 3. 14. 29, are equal to 

29.16 Perches. 
29.16 

17496. 
2916 
26244 

5832 

* "-^ A. R. P. 

160)850.3056(5. I. 10. Content. 

4o)5o( I Rood 

r f • • I 

10 Perches. 
Or thus: 

V«. Lit K^. Ltm 

14.29 is ec^ual to 7. 29 of Four-Pole Chains, by 
Prob. I. Sedt. 3. 7. 29 

6561 

1458 A. R. P. 

5103 Cont. as before 5. i. 10. 



Acres 5131441 

4 



■IMIMI 



Rood 1I25764 

4 



Perches 10I3056 

It is reqidred to lay down a Map of this Piece 
of Ground, by a Scale of twenty Perches to an 
Inch. ' 

A a Take 






i*jt To find the Conim of (7/-0Mifii. 

Take 29.16 the Perches of the given Side^ from 
the fmall piagonal on the common Surveying Scale, 
wh«re 20 fmall, or two of the large Divifions are 
an Inch ; make a Squai:e whofe. Side is that Length, 
(byProb. 9. Sedt. i.) and it is done. 

PROS. n. 

To find the Sde cf a Spiatty nxihofe Content ii 

grven. 

Extraft the Square Root ©f the given Content 
in Perches, and you have the Side in Perches, and 
confequently in Chain*. 

Example. 

It IS reqvured to lay out a fquare Piece of Ground 
which ffiall contain liaA. 3R. 16P. Reqirired the 
Number of Chains in each Side . of the Square 5 
and to lay down a Map of itj by a Scale of 40 
Perches to an Inch. 

A. R. P. 

12. 3. 16 

4 



51 
40 

C. L. 



^056(45.34 Perch, which is 22. 33^, by Prob* 
[6; Seft. 3- 

8 5)456 

903)3100 



9064)39100 

To 



j»' 



. y iV 



To find the Qmtent of Ground. 
To draw the Map. 
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From a Scale where 4 of the large, or 40 of the 
fmall Divifions are an Inch, take 45.34, the Per- 
ches of the Side, of which make a Square. 

PROS. IH. 

To find the Content of an Oblong Piece of 

Ground. 

Muhiply the Length by the Breadth, for the 
Content. 



Example* 



Plate I. Fig. 3. 



Let ABCD be an oblong Piece of Ground, whofe 
LengthABis 14C. 25L, and Breadth 8C. 37L. I 
demand the Content in Acres, and alfo to lay down 
a Map of it, by a Scale of 2P Perches to an Inch. 



C. L. Perches. 
14.25=29.00 



8:37=17.48} By Prob. 4. Sea. 3. 



15732 
3496 



A. R. P. 



160)506.9200(3. o. 27. Content. 
26 Perch, or near 27. 
• A a 2 



Or 






1 80 To find the Content of Ground. 



Or thus ; 



4 Pole C. 



't:37=i:3?} ByProb. ,.Sea3, 



• . ■ « 



5075 
2900 

Acres 3] 16825 

4 

Rood I673PO 
^] 4 

Perches 26(9200 



To dx2^vf the Map. 

Make an Oblong (by Schol. to Prob. 9. Se£t. i.) 
whofe Length, from a Scale of 20 to an Inch, 
may be 29 Perches, and Breadth, 1 7.48 Perches. 

PROB. IV. 

7h Omlcnt of an Ohlong Piece of Ground^ and 
one Side grveriy to find the other. 

Divide the Content in Perches^ by the given 
Side in Perches, the Quotient is the required Side 
in Perches j and thejice it may be caffly reduced t^i 
ftiains, 

]SXAMPLE, 



'•It 

M 

To find the Qmient of Cfround. i8i 

Example. 

C. L. 

There is a Ditch 14. 25 long, by the Side of 
which it is required to lay out an Oblong Piece of 
Ground, which fhall contain 3A. oR. 27P : What 
Breadth muflt be Jayed off at each End of the.]Ditch| 
io inclofe the 3A. oR. 27P ? 

A. R. P. 

?. o. 27, 
4 



12 

40 



Perch. C. L. 



29)507(1748=8. 37 Breadth, 



217 



140 



240 
8 



The Map is done a? the laft. 

PROS. V. 

Jo fincl the Qmtent of a Piece of Ground^ in Form of 
an Oblique Angular Parallelogram \ or of a RftomhSf 
or Rhomboides. 

Multiply the Bafe into the Perpendicular Height. 
The Reafori is plain firom Theo. 1 3. Sect, i . 

Example, 






^ ^ ' 



4* 



iBi To find the Cmtmoi Ground. 

Ex AM P Lg. 

Plate VII. Fig. z. 

Let ABCD be a Piece of Ground in Form of 
a Rhombus, whofe Bafe AB is 22 Chains, and 
Perpendicular DE, ex FC, 20 Chains. Required 
the Content. 



C C. 

22=11.0 
20 



2=100} ^ PoIeChain^, 



Acres ii|o 

Or, 



C. 

.=405 



^^— ^^l Perches. 
20^ 



160)1760(11 Acres. 
160 



The Converfe of this is done by Prob, 4. and 
the Map is drawn, by laying of the Perpendicular 
on that Part of the Bafe from whence it was 
taken : Joining the Extremity thereof ' to that of 
the Bafe, by a Right Line, and thence compleat 
the Parallelogram. 

PROS. 






•* ••• • • 



To find the Omtent of Gfoufd ttj 

P RO B. VI. 

To find the Oktent of a Triaf^hf Piece tf 

Ground, 

Multiply the Bafe by Half the Perpendicular, of 
the Perpendicular by Half the B^fe ; or take Half 
the Produft of the Bafe into the Perpendicular, 

, The Reafon hereof is plain, from Cor. 2. Theo, 
12. Sedt. I. 

Example. 

Plate I. Fig. i6. 

Let ABC be a Triangular Piece of Ground, whofe 
longeft Side or Bafe BC, is 24 C. 38 L. and Perpen- 
dicular AD, let fall from the oppofite Angle, is 1 3 
C. 28 L. Required the Content* 

••^"tfc.|& 4 Pole Chain. 

1114a 

3714. 

37*4 



Acres 4119682 

4 

Rood 7)8728 
Perches 3 1(49 12 

A. R. P. 

Content 4. o. 31. 



Perp, 



v.. 



4 






184 To find the QmeHt of Grmnii 

Perp. 1 3.28 = 6. 78 7 Foiir-Pole Chains, by Prok 
^ Perp. 6.ig = 3. 39 > i . Sed. 3. 

Or 2dly. Perp. 6.78 of Four-Pole Chains, 
^£afe6.i9 

6toi 
678 
4068 
A. R. P. 

4119682=4. o. 31. 

Or3dly. Bafe 12.38 Four-Pole Chwis. 
Perp. 6.78 

9904 
8666 
7428 



839364 



A. R. P. 

Its 5'4li 9682 =4 o. 31. 

Or the Bafe, and Perpendicular, may be 
reduced to Perches ; and the Content may be 
thence obtained thus ; 



t.Bafe 



Z' 
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C L. Perches. 

Perp. 13.9,8=27-12 



By Prob. 4. 
Half the Perp. 1356^ Sedt. 3. 



Perches. C. L. 

I. Bafe 49.52=24.38. 
^ Perp. 13.56 

29712 
24760 

495^ 

A. R. P. 



V- 



160)671.4912(4. o. 31 



31 



Perch. 

2. Perp. 27.12 

Half Bafe 24.76 



16272 
18984 
10848 

5424 

A. R. P. 

671.4912 = 4. 0. 31. 



B b 3. Bafe 



■*« . 



A 



1 85 To find the timtem of Ground. 

Perch. 

3. Bafe 49.5a 
Perp. 27.1 z 



<^immm- 



9904 

4952 
34664 

9904 



rfim 



1342.9824 

A» R.» F. 



671.4912=4. o. 31.- 

The Map may be readily drawn, having the 
Rftance from either End of the Bafe, to the Fcr- 
pendicular given ; as may be evident from the Fh 
gure. 

PROS. vn. 

7X^ Qmtent of a Triangular Piece cf Ground^ and 
the Bafe given, to find the Perpendicular. 

Divide the Content in Perches, by half the Bafe 
in Perches ; and the Quotient will give you the 
Perpendicular in Perches, and fo in ChsMi* 

Examples. 

Plate I. Fig. 16. 

Let BC be a Ditch, whofe Length is 24C. 40L. 
by which it is required to ky outa Triangular Piece 
of Ground, whofe Content (hall be 4 A, i R. i oP. 
Reqiired the Perpendicular . 

Bafe 
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e. L. Perch. 

Bale 24.40=49.6 
Half theBafe=24.8 



A. R. p. 

4. I. 10. 



17 

— Perches. 

^4.8)690(27.82 

1940 



2040 . 
560 

Perch. C L. 

Anfwer Perp. 27.82=13.45. 

TWs Perpoidicular being laid on any Part of the 
Bafe, and Lines run from ixt Extremity to the 
Ends of the Bafe, will lay out the Triangle (by 
Cor. to Theo. 13. Se£t. i.) fo that the Perpendieu- 
lai; may be fet on that Part of the Bafe, which i^ 
IBoft convenient and agreeable to the Parties con- 
cerned. 



Bb2 LEMMA 




1 88 To find the Qmtent of Ground, 

LEMMA 

J^ from half the Sum of the Sides of any Plane tri- 
angle JBQ each particular Sde be taken ; and if 
tfie half Sum^ and the three Remaipders be multi- 
plied continually into each other ^ the Sijuare Root of 
this ProduSl will be the Area of 'the triangle. 

Plate Vni. Fig. 9, 

Bifeft any two of the Angles, as A and B, with 
the Lines AD, BD, meeting in D j draw the |^er- 
pencKculars DE, DF, DG. 

The Triangle AFD is equiangular to AED ; 
for the Angle FAD=EAD by Conftrudtion, and 
AFD=AED, being each a right Angle, and of 
Confequence ADF=ADE ; wherefore AD : PF : : 
AD : DE : And fince AD bears the fame Propor- 
tion to DF, that it dpth to DE, DF=DE, and 
the Triangle AFD=AJED. fhe fame way DE= 
DG, and the Triangle DEB=DGB, and FD=DE 
=DG ; therefore D will be the Center of a Circle 
that will pafs through E, F, G. 

In the feme Way if .A and G were bifefted, the 
fame Point D would be had \ therefore a Line from 
D to C will bifedt C, and thus the Triangles DFC 
DGC will be alfo equal. 

Produce CA to H, till AH=EB or GB ; lb 
will HC be equal to half the Sum of the Sides, viz. 
to ^ AB,+i AC + ^ BC : For FC, FA, EB, arc 
fever ally equal to CG^ AE, BG ; and all thefe tOr 
gether are equal ro the Sum of the Sides of the 
Triangle ; therefore FC+FA+EB or CH, are 
equal to half the Sum of the Sides. 

FC 
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FC=CH— AB, for AF=AE, and HA— EBj 
therefore HF=AB : Ahd AF=CH— BC ; for GF 
=CG, and AH = GB ; therefore 3C=HA+FC, 
and AH=CH— AC. 

I 

Continue DC, till it meets a Perpendicular 4rawn 
upon H, ij^ K ; and from K draw the Perpendicu^ 
laf KI, and join AK, 

Becaufe the Angles AHK and AIK are two right 
ones, the Angles HAI and K together, are eqyal 
to two right ; " fince the Angles of the two Trian- 
gles qpntain four right : In the fame Way FDE+ 
FAE=(2 right Angles=) FAE+IAH ; let FAR 
be taken from both, then FDE=IAH, and of courfe 
FAE=K : The quadrilateral Figures AFDE, and 
KHAI, are therefore fimilar, and have the Sides 
about the equal Angles proportional ; and it is 
plain the Triangle? CFD and CHK are alfo propor- 
tional : Hence, 

FD : HA : : FA : HK 
FD : FC : : HK : HC 

Wherefore by multiplying the Extreams, and 
Means in both, it will be, the Square of FDXHK 
XHC = FCXFAXHAXHK ; let KH be taken 
from both, and multiply each Side by CH ; then 
tlie Square of GH X by the Square of FD=:FCx 
FAXHAXCH. 

I 

It is plain, by the foregoing Problem, that 
^ABxDE, +iBCxDG + |ACxFD = the 
Ar.ea of the Triangle ; or that Half the Sum of the 
Sides, viz. CH X FD = the Triangle ; wherefore 
the Square of CH X by the Square of FD = FCx 

FA 
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FA X HA X CH, that is, the half Sum midtiplied 
omtinually mto the Diflferences between the half 
Skim an4 each Side, wiljhe the Sqiwire of the Area 
of the Triangle, and its Root the Area. QJE, D* 

Hence the foJ|owing Problem will be evident. 

p i? 5. vnr. 

yfe Sits (f atiy pain Triangle given to find the 

' Area. 

natovm. Fig. 9. 

Add the Sides together, and from the half Sum 
take each Side feverally: Multiply the half 
Sum and three Remainders coptinually Into each . 
other, and the Square^Hoot of their Produ<5l will 
be the Area. 

If the Triangle be meafured by a Two-Pole 
Chain, reduce the Sides to Four-Pole Chains ; 
and let them Hand thus • 

C. L. 
AB 10. 64J 
Given AC j2. 28> the Area require4. 

BC 9. oqJ 

Sum 31. 92 



Half Sum 15. 96 



W i 9 



J 5-9^ 



To fiftd the tmietti t^ OmuL t^i 

Vtf* <!-'• V^* jL<« 

15.96—10.64=55.34 firft Rettftlttdef . 

15.96 — 12.28=3.68 fecond Remainder^ 
* 5.96— -9.00=6.96 third Remainder 

C. L. 

15.96 half the ^urti. 
5.32 firfi R^tuinder. 

4788 
7980 

84.9072 

3.68 fe6bnd llimainckr* 



BftiM^i' 



MMB^ 



6752576 

5094432 
2547216' 



312.458496 - 

6.96 third Remainder. 



H i 



1874750976 

28 I 21 26464 
1874750976 



m 



2174.71013216 



ai74* 



^.j 



Ip2 



To find the Cmteni of GmauL 



ai74;7loi 3216(46.6337 
16 

86 574 
516 



926 I 5871 
\3556 



9322 



27969 



■ II i 



93263 



353232 
279789 



93^667 I 7344316 
j 6528669 

815647 



Area in fquare Four-Pole Chains, 

Acres 



466337 
4.66337 

4 



Roods 2.65348 

40 

Perches 26.13920 

A. R, P. 

Anfwer 4. z. 26. 

Or if you reduce each Side into Perches, the 
Operation is perfornied in the like Manner , and 
the Square Root will be Perches. 

To 



To find the GnlM of Ground. 
Te perform this by Logarithms. 
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Inafmuch as tlie Addition of Logarithms anfwers 
Ijie Multiplication of their correfponding Numbers ; 
and that the Number anfwering to the half of a Lo- 
garithm, will give, the- Square Root of the Number 
of that Logarithm, it Follows, 

That half the Sum of the Logarithms of half 
the Sum of the Sides, and pf the three Remainders, 
will ^vc the Area. Tlius, 



t 



Half Sum • ./ 15.96 

Firu Remaindei" 5.32 

' 2d Remainder., . ,. %£% 

3d Remainder ' (>,^^ 



Square 4 Pole Chains ' 45.^3 

Acres 4.663 



Roods 2.65a 

4 

Perches 26.08 



1.20303 
0.72591: 

0.56585 

o.84'26i.. 

•■•■•.»•■ 

3-3374^ 
1.66870 

• ■ t" ; 



A. r: p. 
Anfwcr, as before 4. 2* . 26. 

If therefore you reduce d Piece of Grotmd into 
Triangles, (as that in Plate VII. Fig. 4:) and mea- 
fure the three Sides of each ; you may thus find 
the Contfent of the Avhole; by ^natural Ntimbers, or 
more, readily by Logarithms. 

Ce The 



194 'i*^ fi^^ ^^^ Cmtent of Ground. 



1 1 



The Figure may alfo be eafily conftrufted by 
Prob. I. Seft. i. 



PROS. IX. 



^0 find the Qmtm of a fre^czim Piece of 

Ground. 

m 

Multiply the Diagonal, or Bafe, by half tho 
Sum of the two Perpendiculars, or the two Per- , 
pendiculars by half the Bafe ; or take half a Pror 
duel of the Safe ihtb the Sum of the two Perpen- 
diculars. 



DEFINITION* 

^ ... 

A Line contained between the two remoteft An- 
gles, is the Diagonal." ~ 

Example* 

Plate Vn. Fig. 3. 

Let ABCD be a Piece bf Ground, ih Fonh'of a 
Trapezium, whofe Diagonal^ or Bafe^ ACj is j^Q 
10 L ; its Perpendiou]^ bB on oat ISde of Aat 
Line is 6C 41 L./and Perpendicular dD on the 
pther Sideifi 13 C. .31 L, Reqidredthe Cbnicnt. 

iPcip, 



i- * 



To find the Omtmf%i Vroimd. jgg 

Perp. $.41=3.40 .p_urhai^ 
Perp. 13.31=6.813 4fole^n»in«- 

Sum I0.22 



Half Sum 5,11 

Bafe 32.10=16.10 

5" 



1610 
161Q 

8050 



Acres 8J23710 

4 



Roods I9084 
4 



Perches 36I336 . 

I I 

The other two Methods are obvious, from what 
has been laid down Cm the Triangle, Prob. 6.) and 
will produce a like Content. If both the Bafe and 
the Sum of the two Perpendiculars are odd, ufc the 
laft Method of the three. 

The Map may be drawn, by knowing in what 
Parts of the Di^onal the Pejpendicmars were 
taken, and thence fetting them off, and joining their 
Extremity to thofe of the Diagonal. 

The Area of the Square, Oblong, Rhombus, or 
Rhomboides, may be obtained in the like Manner, 
by a Di^onal and Perpendiculars. 

Cca If 



# ■ 



ip6 To find the Gmtm of Ground. 

If a Map of any of the foregoing Figures be 
given, with the Scale by which it was laid down, 
take the Dimenfions from that Scale of Perches, 
and therby adjuft their Contents, without reducing 
them to Chains. 

From this, and the fixth Prpblem, thji? following 
Metho4 will be plain. 

Firft Method to find tjie Area 

of Ground* 

How the Area of a Piece of Grouftd, be it ever Jo irre^ 
guUr^ may be obtained^ by dividing it into Triangks^ 
and I'rapezia. 

Plate Vn. Fig. 4. 

We here admit the Suryey to be taken, and pro- 
trailed ; by having therefore the Map, and know- 
ing the Scale by y^rhich it was laid down, the Con- 
tent may be thus obtained. 

■ ' •■>•■. • 

Difpofe the given Map into Triangle?, by fine 
penciled Lines, fuch as are here reprefentedby 
popped Lines in the Scheme, and number the Tri- 
angles with I, 2, 3, 4, i^c. Your Map beipg thus 
prepared, rule a Table with four Columns i the 
firft of which is for the Number of the Triangle, 
the fecohd for the Bafe of it, the third for the'Perr 
pendicular, and the fourth for the Content in 
Perches. 

Then proceed to meafurc the Bafe of Number ; i 
&om the Scale oi Perches the Map was laid down^ 

and 



u 



A,y 



To find the Content of Ground. i^y 

ai;d place that in the fecond Column of the Table, 
under the Word Bafe ; and from the Angl^ oppofite 
to the Bafe, open your Compafles fo, as when 
one Foot is in the Angular Point, the other being 
moved backwards and forwards, may juft touch 
the Bafe Line, and neither go the leaft above or be- 
neath it ; that Diftance in the Compaffes, meafured 
from the lame Scale, is the Length of that Perpen- 
cKcular, which place is the third Column, under 
the Word Perpendicular. 

If the Perpendiculars of two Triangles fall 
on one and the fame Bafe, it is unneceflary to 
put down the Bafe twice, but'infert the fecond 
Perpendicular oppofite the Number of the Trian- 
gle in the Table, and join it with the other Per- 
pendicular by a Brace, as No. i ' & 2, 4 & 5, 
6& 7, 9 &: 10, (^c. 

Proceed after this Manner, till you have mea- 
fured all the Triangles ; and then by Prob. 6, find 
the Content in Perches of each refpeAive Triangle, 
which feverally place in the Table oppofite to the 
Number of the Triangle, in the fourth Column, 
under the Word Content. 

But where two Perpendiculars are joined together 
in the Table, by a Brace, having both one and 
the fame Fafe ; find the Content of each, (be- 
ing a Trapezium) in Perches, by Prob. 9, which 
place oppofite the Middle of thofe Perpendiculars, 
in the fourth Column, under the Word Content. 

Having thus obtained the Content of each re-' 
fpeftive Triangle and Trapezium, which the Map 
contains^ add them all together, and their Sum will 

' *" be 



■- ml 
w • 



f • 
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be the Content of the Map in Perches ; which 
being divided by 160, gives the Content in Acres. 
Thus, for 

Example. 



No. 
I 


Bafe 
24.8 


Perp. 


16.3I 


2 




3 


28.2 

1 


16.0 


4 


39-8 


19.6! 
16.2 > 


5 


• 


6 


49.4 


29.0) 
15.0) 


7 




8 


38.7 


6.7 


9 


4ao 


i7.o> 
1 3,0 5 


JO 


• 


II 


42.8 


10.2^ 
ia.3> 


12 




13 


26.2 


17.9 


H 


24.0 


11.67 
1 0.0 3 


15 





Content 



412.92 
225.6 

712.42 



V 



io86.a 
129.64 

^ 600, 



> 



Content in Perches 



481.5 

»34-49 
259.2 

4142.57 



This being divided by 160, will give '25 A. 3!^ 
22P. the Content of the Map. 



ly.o 



• 

»0 r- 



'*'' 



kfj 



,.*- 



To find the Content cf Greuncl. f $<) 

i\ 17.0 3\ 28.a . : . 

a/ i6.a / 8. 



33.3 225.6 

12.4 



1332 
666 



5/ 16.2 



2ii 35-^ 



412.92 



6\ 29, 






3222 • 
3222. . • 

35^ ;::it 



' • .1 ^1 



44-^ ... : ■ .71242, 

• J 



494 o...^ 6-7 • 

.^ ■ ' ■ 't. . ■ I ' I .M 



f'S'S , ; 2709 



10, 



J 13. 

1086.8 ^S9'^9 .< 

= — 30. 

ii\ 10.2 129.64 20. 

12/ I2.i? ■ 



22.5 
21.4 



^3\ 17-9 6^00 



f\ 17-9 
/ 131 



I4^ 1 1.6 
11/ 10.0 



179 

900 537 — 

225 . 179 12.6 

450 . 12, ' 

234.49 . ' ' 



48 1 .50 



259.2 



Let 



la. ■.■ 



l::o To find the Caaem of Grand. 

Let your M^ be kid down by the larged Scale 
your Paper will admit, for then the Bafes arid Per- 
pendicuiais can be meafured with greater Accuracy 
than when laid down by a fhialler Scale ; and if pof- 
fible meafure from Scales divided diagoYiaily. 

If the Bafes and Perpendiculars were Meafured 
by Four Pole Chains, "the Content of every Trian- 
gle, and Trapezium, may be had as before, in 
Problems 6 and 9, and coniequoitlytlk whole 
Content of the Map. 

If any Part of yoUr Map has (hott or dxx)k- 
ed Bounds, as thofe reprefented in J^late VB, 
Fig. 5, then by the'Hrcight Edg^ ci a tianfparent 
Horn, draw a fine pencilled Line as AB, to bal- 
lance the Parts taken" in' and Mt out, as aTfo ano- 
ther, BC : Thefe Partis when ' finall, may be bal- 
lanced very nearly by the Eye, or th^ maybe 
more accurately bjlFanced by Metlvxl the Tmrd. 
Join the Points A arid C by a Line, (b will the 
Content of \he Triangle ABC, be equat to that 
contained bct\^'een the Line" AC, anci the crooked 
M earing from A to B, and to C : By- this Method 
the Number of Triangles will be greatly lefiened, 
and the Content become more certain ; for the fewer 
Opefatibris you have, the left Tubjeft will you be to 
err ; and If an Error be committed, the fooner it 
may be difcovered. 

The Lines of the Map (hould be drawn (mall, and 
neat, as well as the Bafes ; the Conipafles neatly 
pointed, and Scale accurately divided; without 
all which, you may err greatly. The Multipiicati- 
ons (hould be run over twice at leaft, as alfo the Ad- 
dition of the Column Content* 

^ ' From 



\ 
\ 



V 



To find thfe ^GoMi^ of iSrmui. ftfii 

• 

From Wiidt ha§ beeit laid, it will be cafy to furvey 
^ Field by redudng it into Triangles^ and mea-* 
furifig the Safes arid Perpendiculars by the Chain* 
To afcertain th^ Cotttetit only ^ it is riot rriaterial t6 
know at what Part of the Safe the perpendicular 
was taken { firice it hsk beeri flietf n (in Cor. X.6 
Theo. 1^. SeCt. i.) that Triangles on the fame 
Bafc^and between thefititie Parallels are equal : 
But if yoii would draw a Map from the Bafes and 
Perpendiculars, it is evident that you niiift know at 
what Piirt df the 6afe the Perperidicular was takeii 
in ordter to fet it off irt its dile Pofition ; and henccr 
the Map is eafily coriftrufted. 

Second Methdd td find the Are^ 

df Gfoundi 

^0 detelmuhi the Atta <f a Piece of Groundy firofH 
. the Map tJkfeof^ by the Square Inch Horn. 

This Hom is trjlnfpareiitj and has on it a 
Scjuare whofe Side is an Inch ; ^ch Side ojf thiS is 
divided into 16 equal Parts, and the oppofiteDi- 
vifions are joined by Right Lines, fo the whole 
Square contains 16 times to, or 160 {mall 
Squares. 

Let the Parallels^ by which yoUr Map iS to be 
protrafted, be an Inch afuhdcr, and at Right Ari- 
ses to thefe, let other Parattds be drawn an Indi 

Bd afuii^der 



aoa To find the Omtent of Ground. 

afiinder alfo ; fo will your Paper be divided into 
Square Inches. But great Care muft be taken that 
the Parallels be exadly an Inch afunder, and that 
the crofs Parallels be truly perpendicular to them, 
and alfo duly an Inch from each other. 

When all your Parallels are drawn, lay the Edge 
of a ftraight Ruler diagonal wife, on the oppofitc 
Angles of z* Square : Then if the Ruler's Edge 
cuts exa Aly the oppofite Angles of every Square it 
pafles over, and the Diagonals or Diameters of 
each be equal, the Paper is truly fquared, otherwife 
not. And if the Parallels arc an Inch afunder ex- 
actly, they win be all fquare Inches. 

Having thus prepared your Paper, ^nd on it 
either protraifted or drawn your Map ;' lay your 
Inch Horn on every Square thro* which any of the 
Lines of your Map pafe, and count the Number of 
fmalL Squares on your Horn which lie within the 
Lines of the Map, which Number place down in 
that Part of a Square; do the like in every 
Part of a Square, and in every whole Square 
put down ICO, or jiumber them i, 2, 3, £5?r. 
Add all thofe Numbers which yon have in Parts of 
Squares and whole Squares together ; and their 
Sum will be the Number of fmall Squares which 
the Map contains. 

It is beft to reckon the Parts of Squares without 
the Map as well as thofe within, and by fo 
doing, if the Parts without and within be equal to 
ioo,syou may reafonably conclude, that you have 
counted and eftimated true. 

Let ABCD, Plate VII. Fig. 7. be a Map, whofe 
Area is required : Let the Paper be fquared aS be- 
ore taught, and let every of the Squares in the 

Scheme 



.'» 



.*■ 
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Scheme reprefent fquare Inches, Let the Inch 
Horn, Plate VII. Fig. 6, be applied on every 
Square through which any of the Lines of the Map 
run, and count the Number of fmall Squares con- 
tained within the Lines of the Map, which put 
down on your Map, as in the Scherpe , Then num- 
ber the whole Squares feparately, and add the fniall 
Squares contained in them, to the Number of fmall 
Sqmres in the Parts through which the Lines of 
the Map paf§, and you have the Number of fniall 
Scjuares contained in the Map, 



25 
61 

20 
21 

71 

31 



61^ 




2 




II, 


10 


97 


78i 


11 

28 
28 


35 
27 

28 


3 

47 
5* 


II 


4 



476i 

476I 



^3ii 



284^ 



11922- fmall Squares in Parts of large ones^ 
1900 fmall Squares in 19 large ones. 



3192^ Content of the Map in fmall Squares. 



Having obtained the Number of fmall Squares 
contsuixed in your Map, you are next to confider 

n a.2 what 



^» 
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what Scale it waylaid down by ; and thence ypu 
may kuQw'what the Content of every finall Square 

g* , arid of courfe the Content of them all, or the 
oritentof the lylap. Thus; 

If your lyiap he laid down by a Scale of ^ Perches, 
jtp an Ind}, the Side of the Square Inch will be 8» 
and its Content 8 Tiipaes 8, or ^/^ PerfJi^? ; arici 
jb^caiire there are 100 fmall Square^ in a large one;^ 
the Content of every fmall Sq^r^ will be 64 of 4 
perch ; wherefore the Number of finall Squares be^ 
ing multiplied by .64 will give their Content in 
Perches, and thofe divided by 160, give the Con- 
tent in Acres. ' ' ' * • . 



' -4 



If your Map h^ laid down by a Scale of iq 
Perches to an Inch, the dbnteht of ey^y Square 
Inch will be teri Times iq, or 100 Pe;r9hes; and 
lince every Square Inch contains io<)iin3il Squares, 
therefpre every fmall Square will be i Perch ; con- 
fequently the. Number of fmall Squares contained 
in your Map, will be the Content of it in Perches^ 

:.•.*• •■■■-..; ' • / 

If your Map be laid dpwA by 1 5 Perches to ai^ 
Jnch, a Square Inch willcontain 15 Time$ 15, or 
225 Perches; and a fmall. Square belong the hun^ 
dredth Part df a large one, will contain 2.25 Pejc- 
ches ; wherefore the Number of fmall Squares be- 
ing mukiplied by 2.25 will give the Content in Per^ 
ches; or to the double of the Number of. fmalj 
Squares add 4: of them, the Sum is the.Content in 
Perches. 

v4 . ■ 

j^ If your Map be laid down by 20 Perches to an 

-"^^^ Inch, the Square Inch will then contain ,20. Time* 

bs^y or 100 «rchcs 5 jyid i. fmall Square will con- 

, . tern.. 
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taia 4 Perches ; wherefore the Number of fmall 
Squares being inultiplied by 4, ^ves the Coi^teiit 
jti Perches. 

Or divide the Sum of the fipall Squares, havmg 
put oflf the laft Figure, by 4 ; the Quotient is Acres, 
and what reniains, if any, is a Rood or Roods : Then 
multiply your laft Figure by 4, adding i for a Qijar- 
ter, 2 for Half, or 3 for f of a Square, (if you have 
^ny fuch in the Sum of your fmall Squares) and 
YQU will have the Perches. Thiis the Number of 
unall Squares in the foregoing Map being 31923^ 
I,demand the Content in Acresu ' * 



^ 



Content 79 : 3 : iQ 



w« 



Cut off the laft Figure 2, and fiivide 319 by 
4* the Quotient is 79 Acres, and the Remainder 
3, is 3 Roods. Multiply the laft Figure 2 by 4, 
and add .in 2 for the half Square, and you have 
|o Perches, 

The. Reafon hereof is plain, when we confider 
that any' Number multiplied by 4, and divided 
by 160, will give in the Quotient the fcme, as 
it that Nuniber was only divided by 40 ; or whiqh 
|s the fame thing, cut off the laft Figure for the 
jp, and divide by 4. 

If your Map be laid down by 25 Perches to an 
Inch, every Square Inch will be 25 Times 25* or 
P25 Peiches ; wherefore every fmall Square will be 
6. 25 Perches, The Number of finall Squares there- 

tqrc 



to6 To find the Cmient of Grmnd. 

fore being multiplied by 6, adding :^ of their 
Number to the^ Produdl, will give the Content 
in Perches. 

If your Map be laid down by a Scale of ^o Perch- 
es to an Inch, every Square Inch will contain 900 
Perches, and every fmall Square 9 Perches ; the 
Number of fmall Squares therefore being multipli- 
ed by 9, will give the Content in Perches, 

If your Map be laid down by a Scale of 35 
Perches to an Inch, every Square Inch will con- 
tain 1225 Perches, and every fmall Square 1%:%^ 
Perches; wherefore to 12 times the Number of 
fmall Squares, add j; of rtheir Number, and you 
have the Content in Perches, 

If your Map be laid down by 40 Perches to an 
Inch, every Square Inch will contain 1 60Q Perches, 
and every fmall Square 1 6 Perches ; the Number of 
fmall Squares therefore being multiplied by 16^^ 
gives the Coiitent in Perches. 

Or cut off the laft Figure from the Sum of the' 
fmall Squares, and the other Figures are Acre$ ; 
multiply that laft Figure by 4, adding in i, 2, or 3,^ 
for ii 'kt 01* f > fts t^fore, and cut off i Figure to 
the Right from the Produdt, and the other, if any, 
are Roods: Multiply the laft Figure by 4, and 
the Produdl is Perches. 

For if any Number be divided by 10, which is 
done by cutting off the laft Figure, it will quote 
the fame as if that Number were multiplied by 
16, and divided by 16©. 

•' Suppofc 
six 
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* 

Suppofe the .Number o£ fmall Squares in a Map 
be 39945, required the Content in Acres, 

Acres 39914^ 



Rood i|8 
4 



Perches 3 2 



^MHta 



After the like. Manner you may find the Con- 
tent of any Map, by knowing the Scale by 
which it was laid down; for the Square of the 
Scale gives the Content of a Square Inch in Perdi- 
es, the hundredth Part of which will be the Con- 
tent of a fmall Square. 
» ■ ■ ■ . » < 

I am confident 1 (hall be judged to be too'pfolix 
dnthis Head; but as this Method has ftooci the 
Teft of many Ages, and is ftill ufed by many, I 
have for the Benefit of thofe of the floweft Capacity^ 
explained it as fully as I was able. 



Third 
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Third Method to determine the 

Are^pf Ground. 

To determine the Aim if a Piece tf Ground^ kavif^ the 
M^ given, ty redudtig it to one Ttiaf^k equal there- 
to^ (md then^Jindit^ if 5 Content. 

Plate Vni. Fig. 5; 

Let ABCDEFGH be a Map o£ Grouiid, 
which you would reduce to one Triangle equal 
thereto. 

Prodtice iny Line of tlie IViapi as AH, Boffi 
Ways : Lay the Edge of a parallel Ruler frcMn A t6 
Q having B above it': Hold the other Side of thfe 
Ruler^ or that nestt you &ft^ open till the fame 
^ge touches B^ andbyit^ wlf h a pr6tra£Giig lE^in, 
mark the Point ^ on the produced Line : L^ ihk 
tdge of the Ruler from i to D^ having Cabot^ 
it: Hold the other Side faft^ open till the Sm6 
Edge touches C, and by it mark the Point r, pii tb£ 
produced Line. A Line drawn froni ir.to D will take 
in as much as it leaves out of the Map. 

. Again, lay the Edge of the Ruler froni Trf toF^ 
having G above it, keep the other Side fall, open 
till the fanie Edgp touches G, and by it niark the 
Point gi on the produced Line ; Ijiay the Edge of 
the Ruler from g to E, having F above it, keq) 
the other Side faft, ooen till the feme Edge 
touches F, and by it mark the Point /, on the pro- 

• duced 
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duced Line. Lay the Edge of the Ruler frora / to 
D, having E above it, faeep the other Side fell, 
' open till the fame Edge touches E, and by it mark 
tne Pomt Cj on the produced Line. A Line drawn 
from D to Cy will take in as much as it leaves out. 
Thus have you the Triangle r D ^, equal to the 
irregular Polygon A B C D E F G H. 

If when the Ruler's Edge be applied to the 
Points A and C, the Point B falls under the Ruler, 
hold that Side next the feid Points fail, and draw 
back the other to any convenient Diftance ; then 
hold this kil Side fail, and draw back the former 
Edge to B, and by it mark ^, on the produced 
Line ; and thus a Parallel may be drawn to any 
Point under the Ruler, as well as if h were above 
it. It is beil to keep the Point of your Protra(5ting 
Pin m the lail Point in the extended Line, till you 
iay the Edge of the Ruler from it to the next 
Steition, or you may miHake one Point for another. 

This may alfo be performed with a Scale, or 
Ruler, which has a thin iloped Edge, called a 
Fidudal, or fure Edge \ and a fine pointed Pair of 
Compafles, Thus, 

Lay that Edge on the Points A and C, take the 
Diilance from the Point B to the Edge of the Scale, 
fo as it may only touch it, in the fame Manner as 
you take the Perpendicular of a Triangle ; carry 
tiiat Diilance down by the Edge of the Scale paral- 
lel to it, to b \ and there defcribe an Arc on the 
Point ^, and if it juft touches the Ruler's Edge, 
the Point b is in the true Place of the extended 
Line. Lay then " the Fiducial Edge of the Scale 
from b to D, and take a Diilance from C, that will 

E e juft 
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juft touch the Edge of the Scale ; carry that Di- 
ilance along the Edge, till the Point which was in 
C, cuts the produced Line in c ; keep that Foot in 
c^ and defcribe an Arc, and if it juft touches the 
Ruler's Edge, the Point c is in the true Place of the 
extended Line. Draw a Line from c to D, and it 
will take in and leave out equally : In like Manner 
the other Side of the Figure may be ballanced by 
the Line ^ D. 

Let the Point of your Compafles be kept to the 
laft Point of the extended Line, till you lay your 
Scale from it to the next Station, to prevent Mif- 
takes from the Number of Points. 

That the Triangle cT> e^ is equal to the right-^ 
lined Figure ABCDEFGH, will be evident from 
Problems 1 8, 1 9. Se6l. i : For thereby, if a Line 
were drawn from b to C, it will give and take 
equally, and then the Figure b -CDEFGH, will 
be equal to the Map. Thus the Figure is leflened 
by one Side, and by the next BallanceXine wilj 
leflen it by two, and fo on, and will give and take 
equally. In the fame Manner an Equality will arife 
on the other Side. . ^' 

The Area of the Triangle is eafily obtained as. 
before, and thus you have the Area of the Map. 

It is beft to extend one of the (horteft Lines of 
the Polygon, becaufe if a very long Line be pro- 
duced, the Triangle will have one Angle very ob- 
tufe, and confequently the other two very acute ; in 
which Cafe it will not be eafy to determine exaftly 
the Length of the longeft Side, or the Points 
where the Ballancing Lines cut the extended 
pne. 

This 
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Thiis Method will be found very ufeful and ready 
in fmall Eftclofures, as well as very exadk ; it may 
be alfo ufed in ,large ones, but great Care muft be 
taken of the Points on the extended Line, which 
will be crowded, as well as of not miffing a Station. 



Fourth Method to determine the 

Area of Ground. 



9o determine the Area of a Piece of Ground^ 
having the Map thereof given by a Scale of 
Acres. 

In this Cafe let your Parallek be half an Inch 
afunder, and (if it will admit it) let your Map be 
laid down by a Scale of ^o Perches to an Inch : 
Provide yourfelf with a tranfparent Horn, with Par- 
rallels on it at half an Inch afunder, to which the 
Ends of the Horn muft be at right Angles ; an Inch 
Horn may be made to ferve this Purpofe. Between 
two of the middle Parallels let a fine parallel Line 
be drawn, equi-diftant to each, or a Quarter of an 
Inch from either. Apply the middle Parallels on 
the Horn between anjL; iwo Parallels on- the Map, 
and bring the End of the Horn (o to the Lines of 
the Map between the faid Parallels, that you may 
have as much under it. as you eftimate to be with- 
out it ; and with a fin^Pencil Point, or Protradling 
Pin, draw a Line between the two Parallels by the 
End of the Horn. Yoii muft be careful in keep- 
ing the Parallels on the Horn exadtly over the Pa- 
rallels on your Mapv Do the like by the Lines of 

£ e 2 the 
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the Map between all the Parallels on it, till you 
have reduced what was between them into equiva- 
lent right-angled Paralldogranas. 

Plate Vin. Fig. I. 

Let ABCD reprefent a Map of Ground which is 
laid down by a Scale of 26 Perches to an Inch, and 
let thjc parallel Lines reprefented in the Scheme, be 
fuppded to be half an Inch afunder : By this Hy- 
pothefis therefore it will be plain, that the Breadth . 
between any two Parallels will be lo Perches ; and 
becaufe 160 Perches make an Acre> it follows, that 
1 6 Perches in Length between any two Parallels 
will be an Acre. 

Plate Vin. Fig. 3. 

Make a Scale of equal Parts, whofe Divifions 
fhallbe 16 Perches, or 8 Tenths of an Inch afun- 
der ; and ftibdivide one of thofe Divifions into 
Tenths and half Tenths ; The Parts between may 
be effimated near enough. Or one of the TAvm- 
ons may be divided diagonally into 100 equal Parts. 
Number the firft large Divifion i, the fecond 2, 
tlie third 3, (^c. fo every one of the large Di^d- 
fions will be an Acre!, and the fmall onjcs will be 
decimal Parts of an Acre. 

Plate Vni. Fig. 2. reprefents the two middle 
Parallels on the Horn, with the intermediate Paral- 
lel at a Q^rter of an Inch from each. 

Ajpply this Part of the Horn between any two 
Parallels on the Map, Fig. I. till by the Edge 
thereof you find by Eftimation you have as mi^ 
at the Boundaries of the Map under it, as you 

leave 
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leave out» and by the End of the Horn draw a Balr 
lance Line with a Pencil, as befere, and do the like 
between every two Parallels. The Pricked Lines 
in the Scheme reprefent thfe Ballance Lines. 

Where the Boundaries are very crooked, as be- 
tween a and ^, ballance them with the Line ^5, by 
the foregoing Method; bring the Edge of the 
middle Parallels on the Horn to this Line, till the 
intermediate Line meets ai^mc-^ then by the laid 
Edge draw the Line de^ and the Part left out will 
be equal to that taken in ; which muft be manifeft 
by what has already been faid. And this Method 
may be ufed wherever the Parts left out, and taken 
in, are too great to be eftim;*ted. 

U an oblique Ri^t Line be the Boundiary be- 
tween two Parallels, as the Line B / is, bring the 
.Edge of the Middle Parallels on the Horn to this 
Line, till the intermediate Line meets it ; and by 
the Edge draw the Ballance Line. 

Having reduced what lies between every two 
Parallels to an Oblong equal thereto, number them 
wkhi, 2, 3,4» ^^• 

Then cither apply the Fiducial Edge of your 
Scale where the Divifions of Acres are, to find the 
Length of each Oblong ; or meafure the Lengths 
firom your Scale of Acres, which you have divided 
diagonally : Set thefe feverally oppofite to their 
refpedive Numbers, and their Sum will be thfi 
Acres and decimal Parts of an Acre contained in 
all the Oblongs Thus, 

No. I. 
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No. 
I 


.82 


- 


2 


2.2.?' 




3 

4 

5 
6 

7 


3-15 
4.08 

3-95 
i.gi 

.92 






17.07 
4 


\ w 




.28 






.40 


A. tL. V. 

Content 17. 0, 11. 




11.20 



l( there be a fmall Piece above or belovi^, 
that won't reach a Parallel, or if there be any- 
long irregular Excrefcences on either Side, let 
thefe be caft up by Triangles, and their Content 
be added to the Sum of tlie Oblongs, for the 
Content of the Map. 

If your Map be laid down by a Scale of forty 
Perches to an Inch, it is beft to have Quarter IncK 
Parallels, and -then every Acre will be 4 Tenths of 
an Inch in Length, which may be laid on* the other 
Edge of the Scale. 

Let your Map be laid down by what Scale fo- 
ever, if you caft it up by the large Scale of Acres, 
or by that of 20 Perches to an Inch, the true 
Content may be eafily obtained, as will here- 
after be (hewn. 

The 
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The larger your Scale is by which your Map is 
laid down, the more certain t|ie Content will be by 
any Method whatfoever. 

When a Perfon is fome Time accuftomed to this 
Method, he will prefer it to any of the foregoing 
for its Expedition and Certainty. 

If you be unprovided with a Scale of Apres, 
you may meafure the Lengths of the Oblongs 
by the Divifions on the Edge of the Protrador ; 
and if the Map be ruled with half • Inch Parallels, 
the Sum of the Lengths of the Oblongs beinj 
divided by 16, will give the Content in Acresi 
the Map was laid down by 20 Perches to an Inch ; 
tut if by 40, divide the Sum by 4> and you have 
the Content required, 

. ..r 

Fifth Method to determine the 
^ Area of Ground; 

if 

^0 determm the Area of a Piece of Ground^ hcin)ing 

the Map given^ by freight, 

* - ■ "1 • 

Let the Map, Plate VIII. Fig. 6. be that whofc 
Area is required. 

Let Parallels be drawn at half ^nlnch afunder^ 
an4 others at Right- Angles to 'thofe at a like 
Diftance ; fo will each Square be ' a Quarter of a 
Square Inch in Area. - 

With 
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With a Pair of fine Sciflars, or a Penknife, cut 
away all the Squares maflccd a^ whKh the Bounds 
of the Map do not reach, as unnecef&ry and ufe- 
lefs J then will remain all the whole Squares con- 
tained within the Body of the Map, and the 
Squares whidi the Bounds pafs throi^, which 

are niarked z, z, z, ^^r. 

# 

Count the Number of whole Squares in the Body 
of the Maps' ^^^ thoie marked z, together, which 
Number note down 5 then find \vith Grains and 
Tenths of a Grains, the Weight of all that Paper- 
Call the Number of Squares, firft Area, and their 
Weight in Grains and Parts, call their firft Wdght. 

Cut the Map then clofe by the Bounds, fb wiU 
the Pieces of Squares without the Bo\mds, marfee<| 
Zy be cut away, and the Map only remain, which 
weigh in Grains and Pecimals of a Grdn, as before. 
Then fay, as the firft Weight is to the firft Arte, 
fo is the fecond Wei^t to the fecondf Area, wludi 
gives the Area of the Map in Squares, and Ded- 
mals of a Square. Then by knowing by what 
Scale it was laid down, the Area of each SquEure ia 
known, and eonfequently the Area of the whole 
Map. The Area of each Square by the different 
Scales moft ufed, will be thus : 



Perch to an 

Inch, every \ 64 ^p^,^^ 

Square 




will be 




Acres. 
The 
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. The foUowmg was an Experiment made a few 
Years (ince upon the Map, Plate X. Fig. 3, which 
, when call up by the following unrverfal Methods, 
gives iidA. 2R. 32P. The Map was laid dowa 
by a Scale of 20 Perches to an Inch. 

Number of Squares in the Map,, and thofe mark-^ 
cd, 2,223. 

Grains. 

Weight of the I^aper 74.6 
Weight of the Map 59.2 

Then 74.6 :• 223 : '- $91 : 17^96 Squares in 
the Map, and each Square, being 100 Perches, 
niakes 17696 Perches, or ijoA. 2R. 16P. dif- 
fering only 16 Perches from the true Content. 

This may alfo be performed by drawing a Tra- 
pezium about the Map, and finding its Content as 
before, cutting it out and weighing it, and after- 
wards the Map ; by faying, as the Weight of the 
Trapezium is to the Content of the Trapezium, fo 
is the Weight of the Map to the Content of the 
Map. But this Method will not be fo exadl as the 
" foregoing one ; for there will be a much greater 
Space, or Area comprehended betwe^ the Tra- 
pezium and the Map, than that contained in the 
Parts of Squares thro* which the Lines of the Map 
run, and the Map; therefore as there are fo^tie 
Inequalities ifi all Paper, the greater the prror 
will he, 

F f Tho' 
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Tho* this Method of Weighing mayToein 
whimfical and ridiculous, yet U Experimentis be 
made with nice Scales and Weights, vpaa Maps 
kid dovm by large Scales, and drawn upon goodf; 
zvtn IVriting-Dentf P&per, the Contents produce^ 
will be found to be much nearer the Truth than 
can be imagined* 
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Containrng i^mr ne^ concife Methods of determining Jhi 
Areas cf Right Lined Figures umver/alfy^ or ^ Gal- 
cfdatmc With Jome necejjary previous Defititim 
and Theorems. 
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DEFINITIONS. 
Plate Vnl. Fig. 7. 

t ]y ^ERIDI AISJS are North and South Lines, 
XVX which arc fuppofed to pafs through everj- 
Station, running parallel to each other. 

U. The Difference of Latitude, or the Northing 
or SoWhing of arty ftationaiy Line, is the Diftance 
that one End of the Line is North or South from 
the other End ; dr it id the Diftance which is inter- 
cepted on the Meridian, between the Bfeginning of 
the ftationary Line, and a Perpendicular drawn from 
the other End to that Meridian. Thus, if NS be 
a Meridian Line pafling through the Point A of 
the Line AB, then is Ab the IXnerence oi Latitude, 
or Southing of that Line. 

Ff2 llLThe 
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in. The Departure of any ftalionary Line, is the 
neareft Diftance from one End of the Line, to a 
Meridian puffing through ihe other End. Thus, 
B^ is the Departure, or Eafting of the Line AB. 

, Bqt if CB be a . Meridian, and the Meafilte of 
\he ftationary Diftance be taken from B to A 5 f heft 
is BC the Difference of Latitude, or Northing, and 
AC the Departure, or Wefting of the Line BA. 

IV. That Meridian which pafles through the firfl 
Station, is fometimes called the firft Meridian ; and 
ibmetmies it is a MericUan pafllng on the Eaft or 
Weft Side of the Map, at the Diftance of the 
Breadth thereof, from Eaft to Weft, fet ofFfroraf 
the firft Smon. 

V. The Meridian Diftance of any Sation isfthe 
Diftance thereof from the firft Meridian, whether it 
be fuppofed to patfs through the. firft Sation, or qijl 
the Eaft or Weft Side of the Map. 



.' 



f H EO. 1. 

In every Survey which is truly taken^ the Sum 
cf the Norttungs will be equal to that of the 
Southings ; and the Sum of the Eafiings equal to 
that of the fVeJlings. 

PlatelX. Fig.i. 

Let ah c efg reprefent a Plot, or Parcel of 
Land. Let a be the firft Station, b the fecond, c the 
third, fcfr. Let NS be a Meridian Line, then will all 

Lines 
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Lines parallel thereto, which pafe throi^h the feve- 
ral Stations, be Meridians alfo ; as aOj fo, a/, &c. 
and the Lines bo^ cs^ ^, &c. perpendicular to 
thofe, will be Eaft or Weft Lines, or Departures. 

The Northings f/+^o+A^ifiW+^j+ri+/r tht 
Southings. Thus : ^ 

Let the Figure be compleated ; then It fe plain 
that go-\'hq'^rk=aO']rhs'^cd^ and ei — rk^^fr. If 
to the former Part of this firfl Equation a — rk be 
added, and fr to the latter, then go-^ hq+ei=^ao+ 
is+cd+fr i that is, the Sum of the Northings is 
equal to that of the Southings. 

The Eaftings cs+qa^^ob+de+if+rg-Jroh^ the 
Weftings. Thus : 

For aq+yo (az) ^dc+if+rg+ohy and, bo^cs—yn. 
If to the former Part of this firft Equation a— j!* 
be added, and bo to the latter, then cs+aq=:ob+ 
de+if+rg+oh ; that is, the Sum of the Eaftings 
is equal to that of the Weftings. Qj^ E. D. 



SCHOLIUM. 

This Theorem is of Ufe to prove, whether the 
Field-Work)je truly taken, or not: For if the Sum 
of the Northings be equal to that of the Southings, 
and the Sum of the Eaftings be equal to that of the 
Weftings, the Field- Work is truly taken, other- 
wife not. 

Since the Proof and Certainty of a Field- Work 
depend on this Truth, it will be neceffiiry to (hew 
how the Difference of Latitude, and Departure, 

for 



j^ 
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for any fiaticmary Line, * whofe Beitring and I^fladce 
arc given^ msiy be obtained; by Trigonometry, or 
by Tables bereunto amxea;ed. . 

PROBLEM 

' . - • ^ *- ■ ' i • ' 

^ojind the Diffhenc'e of Latitude and Departure^ iht 
Bearing and Jiaticnary Dijiance being given by Tri^ 
gaionttrf: 

PlatelX. %i; 



k>.^-.> 



. Let thfv$ejfcri9gof thfe IXftan<*eIifte c^^ be SVf 
i6^|:, and its Length in F€HarrJV)feGH4in% lOQi 
i 2L. Reqiired ^o, the Difference of Latitude, and 
i)*^ thfe Departure. 

By Cafe i . of Ee^anguJar Trigonometry i 
'. ... k. : dh - : S. 0^ : io . .• 

R. : ^rft : : S.aki : iw . , ._. 
90*' 16.12 TS^^-^S^ 9.651 Eiff.Lat. 

Thus the Difference of Lati^ide, or Southing 
is found to be 9C. 69L. and the Departure, ©r 
Wefting, tC, 92L; And in like Manner the Dif- ^ 
f^renc^ of Latitude and Departure may be foun^- ' 
for any ftatioii'iry Diftance, haying the Beanng, 
and Length thereof given. 

This may alfo be performed by Gunter's Scak^ a^ 
already (hewn, in Cafe 1. of Re£ln7igular frigmto^ 
fKHry. 

2. 2& 
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2. ^0 find the Diffi^encci of LatituJc. and Departure y hy , 

by Helpof the an^xed^abk. 

In the firft Column find the Degree, and the 
i, f ^ or f of a De^ee contained in th^ Bearing ; in 
a Line with which, under N. S. and^E. W. yoii 
have the Difference of Latitude, and half the De- 
parture for that Bearing, the Diftanoe bdng i Four- 
Pole Chain. 

Therefore, if the correfponding tJumbers, op- 
pofite to the Degrees ip the Table, be feverally 
multiplied by the Length of the ftationary Tm- 
iance, their refpedtive rrodudls will be the Dif- 
ference of Latitude, and Half Departure for that 
Line. Thus, 

Let the Bearing "a& before be S W. 1 6''^, Dis- 
tance 10 C. 12L. Required the Difference cf' 
Latitude and Departure. 

Oppofite to i6^|> are thefe Numbers. 

.9 5"] 6 N. S. •'441- E. W. 

10.12 10.12 



mmmtm 



19154 2882 / 

9576 I44I 

9576 144I 
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9.690912 Southing i.458292HalfWefting. 
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2.916584 Weffing. 
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TflEO. n. 

... f 

If a Map h'es to the Eaft of any firft Meridiatiy the 
farther attf Bomt be taken in thejeveridftationary Dif-r 
tances that have Eafi Departurty the farther wiU 
that Point be from the fkfl Meridian ; but the far-, 
iher any Point be taken in ftationary Diftances that 
hjve trefi Departure j the nearer that Point wi/i be 
to thefirfi Meridian. 

Plate IX. Fig. a. 

Let the firft Meridian he N. S, and let the Stations 
Oy by f , lie on the Eaft Side thereof ; let the Per- 
pendiculars af bmy cny and dk be drawn ; draw ' 
aOy biy and cp parallel to NS. 

The Departure of the firft Line ab is oj and lies 
to the Weft Side of its Meridian aOy which paflca 
through the Station a: But the Point by or zny 
Point in the Line aby is nearer to the firft Meridian 
NS, than the Point a i^ ; for af (om) —^}=:bm^ 
therefore bm is lefe than af and confequently the 
Point b is nearer N. §, than the Point a is. 

The Departure of the next Station Is ri, wUch is 
to the E^ltward of its Meridian biy which pa(&s 
through theStation b ; but the Point e, or any Point 
in the Line bcy is more remote from the firft Meri-i 
dianNS, than the Point ^ is j for bm4=ci='Cn. . 



Therefore 
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Therefore when the Departure of any ftationary 
Diftahce is Eaft, the further you proceed on in the 
Diftance Line, the more you remove from the firft 
Meridian. But when the Departure is Weft, the 
farther you proceed on in theDiftance Line, the 
nearer you approach the firft Meridian. Q^ E. D. 

c o R; L 

Hence if the Diftance of the firft Station from 
the firft Meridian be known, and alfo the feveral 
Departures ob^ cij pd i the Diftances of the Points 
by r, and rf, from that Merictan may be likewife 
known : For the firft Departure being Weft, af-^ 
bo=bm ; the next Departure ie being Eaft, bm + 
ci-^cn ; and the next Departure being Weft, cn-^ 
pd=dk. And if you proceed in the like Manner to 
add the Eaft, and fubtract the Weft Departure in 
any Survey, the Diftance of atvy Station from 
the firft Meridian may be knc^^^. 

COR. II. 

As by the whole Departure of each ftationary 
Diftance, with the Diftance of any one Station from 
the firft Meridian, the Diftance of every Station in 
the Map from the firft Meridian may be known ; 
fo by having Half the Departure of each ftationary 
Line given, with the Diftance of the firft (or any 
other) Station from the firft Meridian, the Diftance 
of the Middle of each ftationary Line, from the firft 
MericUan may be found thus. If hj be Half the 
Departure of the firft Station, the Point h will be in 
the Middle between a and b 5 for t)b : ba : : hq : hay 
but ob being double of Ay, ba will be double of ha. 

G g Again 
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Again, ob: oa:: hq : qa, wherefore od will be dou- 
ble of qa^ and qg will fedl in the Middle between if 
and bm : And for the (ame Reafon admitting k to 
be half the Departure of the fecond ftationary Line ; 
k will fall in the Middle between bm and en ; and 
confeqUently if Half the Departure of each Station 
be ^ven, Ae Lines^A, mb, ely nc^ &c. will alfo be 
given, for (if—qk=^hg. l^ — hq Qtb)=btn. bm+k 
=ifc. k+lz{xc)=cH. en — ry=^rs. rs — ry=dk. 



L E M M 4. 



In every Trapezium ABCD^ havifig two Sdes^ AD^ 
BCj perpendicular to the fame Si^AB^ Half the 
Sum of thofe perpendicular Sides^ vit^^ IF, multi- 
plied into ABj the Bafe on which they ^and^ wiU 
be the Area of the Trapezium ABCD. 

Plate Vni. Fig. ID. 

Let DK be drawn parallel to AB, and let it be 
bifeded by the Perpendicular FHI ; it is plain, from 
fimilar Triangles, that it will alfo bifeft DC in F : 
Through F, draw FG parallel to DK, and this 
wUlalfobifeftCKinG- 

• It is manifeft that KC is equal to the difference 
of the Sides BC, AD, and GK=GC=ED their 
Half DiflEerence : Therefore (by Cor. to Theo. 4. 
Sea. 2.) CB— CG=GB=Fr, will be half the Sum 
of AD and CB ; and it has been (hewn that DFE, 
GFC are equilateral, and hence they are equal to 
each other. But AB multiplied by FI, or BG^ 
Half the Sum of the Sides AD, and BC, will be 

the 
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the Area of the Rectangle AEGB=ABCD : For if 
from the Trapezium ABCD, the Triangle FGC be 
taken, and in lieu thereof DEF be added, the 
JRedtangle AEGB, which is made of Half the Sum 
of the Sides into the Bafe, will be equal to the 
Trapezium ABCD. Q^U. D, 



ff the MeriMan Dijiance taken in the MMe of every 
Jlationary Lip^y be multiplied into the particular 
Northing or Southing of that Line ; and if the Dif^ 
ference between the Sim of the North and the Sum 
of the South Produa^ pe taken j it ^^loiU be th^ Arfa 
if tfie Survey. 

Plate IX. Fig. 3, 

Let ABCDEFG A be the Map of a Survey whofc 
Area is required. 

To the firft Meridian NS, drawn on the Weft 
Side of the Map, let Perpendiculars be drawn frpm 
the Beginning ai^d Middle of every ftatfonary Line ^ 
let alfo Meridians be drawn through eaqh Station, 
?and the Figure be conipleated. 

The Northings are Ai^=WM, a/=MN, F^ir= 
q§, and Q?=SW. 

The Meridian Diftances to the Middle of every 
•ftationary Line tending to the North, are lY, KO, 
Va and HV, 

G g 2 The 
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The Northings ^d) Q§ multipHed by Pfl=Ar«i 
of FG§QF,(by the Lemma) ; and (Gg) SW mul- 
tiplied by HV=Aie* SCAXyS. " (Ai) WM multi- 
plied by IY=? Area WABMW, and (Bd) MN myl- 
tiplied by KO=Area MBCNM ; the Surp of all 
thefe Areas in the 'whole ijlorth Area Cj^QABCNQg, 

In the fame Mann^ the Southings (Ch) NZ 
multiplied by LL=Area NGDZN, 0tn) ZT mul- 
tiplied byMX=the Area ZDETZ, (E») TQmul-* 
tiplied by RR=the Area TEFQT, the Sum of all 
thefe Areas is. the South Area NCDEFQN. 

The Arcadf NCDEFj^N^QFG ABCNQf Area 
of^elSf^jlA^CpE^A. (i,E p. ■ 

^ Demonjirdtion of tfu$ Theorem in a more complicated 

Figure. 

Pl^telX. Fig- 4. 

I 

Let a be the firft Station, b the fecondl, c the 
tlv,rd> i^c* and the Lin©; NS the firft Meridian. 

The. Figure made of thp feveral Southings, into 
the Meridian Diftances to the Middle of ?very 
ftatibnary Line is ocdefgho+heftk. And the. Figure 
made of the feveral Northings into the Meridian 
Kftajice to the Middle of every ftationary Line, if 
hgabcoh+keftk. 

The Difference of thefe Areas is ocdefgho-^hgcb 
coh^ahcjkfga^ the Ares^ of the Map. C^ E. D. 

If 
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' tf the firft Meridiw 9h had pafled eitter through 
the extreme Weft Point j, or the Eaftcrmoft Point 
g ; the Demonftration would be the fame, both in 

t^ 2^ tbelaft Cafe. : 

SCHOLIUM. 

From thefe Theorems we learn how to find the 
Area of ^ Piece of Ground by Calculation or with- 
o\xX a ^fep, when the firft Meridian pafles on the 
Eaft or Weft Side of a Map. 



To find the Area of Ground from the Fields 
Note/^ by CaJcufatpn^ or without the Af- 
J^anceofaMa^. 

In the folbwing Field-Book, Method No. i. 

Transfer the . Letters of the Bearing which are 
in the fecond Column, from thence to the fourth, 
and place the firft Ixtter thereof over the fecond: 
Thus, the firft Bearing being NE, in the fourth 
Column, or that of Latitude and Departure, write 
down tl^ Letter N, and under it E ; the firft ftiews 
tl][at the Difference of Latitude is Northing, and ' 
tKe fecond that the Departure is Eafting : The like 
Is done with the fecond Bearing, being NE alfo, 
' The third Bearing being Eaft, has neither Northing 
or Southing : Therefore in the Place of either fet 
down C)^phers only. The fourth Bearing being 
S W, write down S over W ; and fo proceed to fet 
down the initial Letters of every Bearing one over 
the other ; But if a Bearing be N, S, E, or W, 

put 
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put down fudi a Letter, and Cyphers in the Place 
q{ the feoond Letter. 

Before or after ?vcry Letter E, place the Sign + ; 
and alfo before or after every W, place the Sgn— ; 
to ftiew that every Eafling is to be adde^j ai^d 
every Wefting fubftra£led. 

By Trigonometrical Calculation, or from the 
anpexed Tables, find the Diflferenoe of Latitude and 
Half Demrture of each Line, and place them after 
their req^edive Letters. Thus the firft Bearing 
being N. E. 75, Diftance 1 3 C. 70 L. the Northing 
wjll be 3 C. c^L. ^,^d half the Eafting (^ C 6 ll 
the former or which place after tb«, Letter N and 
the .latter after E: and fo procq^d wjtli all the reft, 
till the Column of Difference of Latituc^cj and 
Pepartip'fs to be cpmpleat. 

N. B. It has been already fhewn, that the 
Nunibers under the Column EW, in the annexed 
Table, are half the Eaftings or Weftings, or half 
the Departure j but for Brevity fake, we (hall 
hereafter call them Eaftings or Weftings, ail4 
fometimes Departures. - 

On a loofe Piece of Paper write down the Letter^ 
N, S, E, and W, at any convenient Diftance afun-? 
der, and from the Column of Latitude and Depar- 
ture colled all the Northings, Southings, Eaftings, 
and Weftings ; add them up feverally, and if the 
Northings are equal to the Southings, and the Eaft- 
ings to the Weftings, the Work is truly taken^ 
otherwife not, as before demonftrated. 



The 
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The Latitudes and Departures in the following 
Tield-Book, are thus colleded. 

N. 

9-^5 
9.00 

6.94 

1538 
12.93 



s. 


E. 


W. 


29.44 

387 


6.61 
1.80 


9-74 
7.76 


1. 21 


8.10 


5-77 


2-75 
10.48 

9.69 


5-74 
2.68 

5-84 


4.64 
1.40 
1.46 



57.44 57.44 30.77 • so-77 



fo find the Numbers far the Qbitm entitled Meridia» 

Diftance. 

Oppofite Number o in your Table, place 61 C 
54 Lw the whole Departure, or double the Sum of 
the half Eaftings, or half Weftings ; in the Co- 
lumn of Meridian Diflance. 

In Pkte IX. Fig. 3. Let AW reprefent this firft 
Number, viz. 61 C. 54 L. and NQ^the firft Meri- 
dian Line ; and fince the Map lies to the Eaft Side 
of that Meridian, (by Theo. 3. of this Sedion) 
thofe Lines that have Eaft Departure will lie far- 
ther firom the firft Meridiem, than thofe that have 
Weft Departure -, and therefore knowing the 
Length of the Line AW, the Lengths of the other 
litiesIY, BM, &?^. may be found, by adding the 
Eaftings, and fubftradting the Weftings, by Cor. 2. 
Theo. 2. of this Seftiori. 

The firft Meridian is fuppofed to be the Length 
•f the whole Departure, or the entire Eafting, 

or 
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or Weftingi from the firft Station : For fliouldthe 
firft Station be at the Eaftermoft Point of the Laot^ 
the firft Meridian will then pafe thro* the Wefter- 
moft, and the Map will be entirely on the Eaft of 
the firft Meridian : JBut were the Meridian Diftance 
lefs than whole Eafting or Wefting, and the firft 
Station at the Eaftermoft Point of the Land, then it 
is plain, that the firft Meridian will pais through 
the Map, and Part thereof will lie on the Eaft, and 
the reft on the Weft of the faid firft Meridian. In 
this Cafe therefore no Number lefs than the whole 
Eafting or Wefting will be fiificient for the Meri- 
dian Diftance, ia order that the Map ftiould lie en- 
tirely on the Eaft thereof But if the firft Station 
be not the Eaftermoft Point of the Land, a le& 
Number might be fuffidcnt for the Meridian Dif- 
tance, but how much lefs would be troublefome 
and needlefs to determine ; fince the Meridian Dif- 
tance being made equal to the entire Eafting or 
Wefting will anfwer in all Cafes, let the firft Station 
be where it will ; as it leaves the Map entirely to 
the Eaft of the firft Meridian. 

The fame Reafoning will hold good, if yoii 
would have the Map to lie entirely on the Weft of 
the firft Meridian. 

In the following Table or Field-Book the Eafting 
of the firft ftationary Line is marked + 6.61, miift 
be added to 6.54, and placed in a Line with 

N 3.54, and 68.15+6.61=74.76 muft be placed 
in a Line with E+6.61. 

Again, 74.76+1.80=76.56, which place in a 
Line with 9.65; and 76.56+1.80=78.36, which 
place in a Line with E+i.8o. Proceed in the like ■ 
Manner to add the Eaftings, andfubftradlthe Weft- 

ings, 
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mgs, till you have compleated the Column of 
IV^eiiciisin Difiim:e) the kft Number of whkh 
will be equil to the firft^ if the Work be rightj 
becaufe there was juil 8fi much added fls fubftra<^- 
ed, fince the Sum, of the Raftbgs is equal to tha^ 
of the Weftings. 

The Numbers in Che Coluron of Meridian Dis- 
tance which are in the fame Line with the North- 
ings or Southings, in the Column of Latitude and 
Half Departure, are the Meridian Diftances in the 
Middle of each Line j and thofe in the fame Column 
which are in the Line with the Eaftings or Weftings, 
are the Meridian Diftancefi at every Station, or at 
the Beginning of every Line : And fince it has 
been demonftrated in Thco. - j'. «f this Sedt. that if 
the Meridian Diftances taken in the Middte of every 
Line, be multiplied into the particular Northing or 
Southing of that Line, that the Difference of the 
Sums of the North and South Produdls, will be the 
Area of the Map ; it fi3llows, that the upper Nym- 
ber of every two which ftand in the Column of 
Meridian Diftance, muft be multiplied by the Nor- 
thing or Southing adjoining it. Thefe feveral Pro- 
ducts muft be put in the Columns of N. Area, 
or S. Area, according as the Difference of Latitude 
is North or South. This if 68.15, the Meridian 
Diftance to the Middle of the firlt Line, be mul- 
tiplied by 3.54, the Northing adjoining it, the Pro- 
duct ^41.2510, muft be put in the Column of North 
Area ; but in the 4th Sationary Line, when 84.82 
is multiplied by 29.44, the Southing of that Line, 
the Produ6t 2497.1008 muft be placed in the Co- 
lunux of Sr|Area, and fo of the reft. 

H h Laftly, 
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Laftly, if you add vp the Columns of N. and 
S. Area •, the Difference of thefe will be the Area of 
the Suivey in fquare Four-Pole Chains, which may 
be.eafily reduced into Acres as before. 

Thus the Content of the following Field-Book is 
II 07 .05 1 3 fquare Four-Pole Chains, or 1 10.7051 3 
Acres. 

Acres 1 10.7051 3 

4 ' 



Roods 2.82052 . 

4 



Perches 32.8208 



A. R. P. 

Or 100. 2. 32. or nearly 33 Perches. 






FIELD 



Fi eld-Book. Method \. 



^iS 



Latit. and 
HalfDep. 



No. I 



Bearings. 



/ 



NE 75 



NE 2oi 



Eaft 



C. L 



13.70 



10.30 



l6.20 



N 3-54 
E + 6.61 

E 9.65 
E + 1 .80 



Mer, 
Dft 



SW 33 



2 



5 



SW 76 



Nortk 



8 



10 



u 



12 



:, 



35.30 



16.00 



9.00 



SW 84 



NW 



534; 



NE 36f 



NE 22* 



«■ 



«3 



n-6o 



11.69 



1920 



14.00 



0,00 

E+ 8.ie 

S 29.44 
W-9 74 



S 3.87 
W— 7.76 



61.54 

68.15 
74.76 

76.56 
78^ 

H6.46 
9456 

84.82 

75.08 

67.32 
5956 



N Area. 



241.2510 



738.8040 



SA 



rea. 



N 



900 

O'OO 



SE 76I 12.00 



SW 15 



10.85 



8 1. 21 

W-5.77 



■ ■ fpi 



N 6.94 
W— 4.64 



N 15.38 
^.+ 5-74 



N 12.93 
E + 2.68 



S 2.7s 
E + 5.84 



SW i6| IO.I2 



S 10.48 
W— 1 .40 

S 9.69 
W— 1 .46 



59-5^ 
5956 

53.79 
48.02 

43-38 

38.74 

44.48 
50.22 



52.90 
S5S8 



2497 lOoS 



260.5284 



■^36.0400 



301.0572 



f » 



c 



65.o$Sg 



684.1024 



683.9970 



61.42 
67.26 

65.86 
6446 



63.00 
61.54 



168.9050 



690.2128 



610.4700 



385. 25 16 4292.3029 
Sub. ^i8«;.25'6 

Area in fquarc Four-Pole Chains. 1 1 07.05 13J 
Area in Acres and Decimal Parts, i to,7o«;i 4 
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tie foregoing FIELD-BOOK iy tf 

fexkond Method* \ 

.■■■•' ; 

■ • » 

The Content of! Ihe ifer^oing Field-Bock may ■ 
i& well be found b}? putting + to the Weftings^ ' 
^nd— to the Eallings; that is^ by adding the; 
Weftings and fubitra(5ting the Eaftings, which is 
|rfain, ff you conceive the firft Mcrhfian td't^e oh : 
the Eaft Side of tbeTVfap. Thus, [ 



FtUXD* 
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No. 
Sia. 



I 



Bearings 



1 



m 7s 



NE 2Qi 



Eaft 



SW 33f 



SW 76 



8 |NW^3|ii.6p 



II |SE 764 



C. L. 



«3-7o 



10.30 



16.20 



35-30 



16.00 



North, I Q.00 ^ '^•00 

" '- ¥-^*'' 0.00 



7jsw«4-'i:6o-|y^;:;; 



9;NE 36i.9-2oL'?:|5 



.o.NE„i.4.oo'£_--ia;:;o 



12 SW 15 



Laiit. and 
HalfDep. 



N 
E' 



3-54 
6.61 



N 9.65 
E— 1.80 



0.00 
E— 8.10 



S 29.44 
W+ 974 



< 387 
W+ 7.76 



^ 



i^4< 



1^ 6.94 

1 W+ 4.64 



mt 



N 12.9^ 



izooS 2-7561.66 
'*-°° E- 5.84 55.82 



"0.85 w+ ,.40 ^8.62 



13 SW i6|,io.i 



S 9 69 60.08 
W+ 1.46 61.54 



Mer. 
Dill. 

61.54 

54-93 
48.32 



46.52 
44-72 

28-52 

38.26 
48.Q0 

5576 

6£52 

6:3.52 

63.52 

69,29 

75.06 

79.70 
84^4 



78.60 
72.86 

70.18 



N. Area. | S. Area. 



94.4522 



448.9180 



^» 



571.6800 



5^3.1180 



1208.8680 



907.4274 



Subtra^ 
Canleiit^s before in Four- Pole Chains 

I Content in Acres 



3884.4636 

27774123 



I 107 0513 



110.70513 



I l ^ i 



I I ■ >■■ > 



. "i 



»26%J744 



. ». 



^^••4^'^^'mmmA 



215.7912 



83. 8409 



t69.565e 



599-6656 



582.175a 



2777-4*23 
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Remarks on ibe two foreg(dng D4ethods^ 



1. That the Sutn of the South Area Column in ' 
ithc firft> and North Area in the fccqnd, are the 
^greateft. . . ; 

2. The Sum of. the North Area Column in the 
iirft, added to the Sum of the North Area Column ■ 
Ifi the fecond, fs equal to the Sjam of the Soutfi : 
jArea Column in tl^ .firft, added to the Sum of the ; 
iSouth Area Columii in the fecon4. Thus, . i 

I. N. Area Column '5185.^516 

z. N., Area Cbfurnn .3884.4036 ^ j 

- - Sum ^069.7152 

ft 

1. S. Area Column 4292.^029. 

2. S, Area Column ^777 4123 

Sum 70697152 



3. That if the Sum of the North Area Column 
of the fiift, be added to the Sum jof the South Area ! 
of the fecond, and this Sum be taken from a 
Produft made by the Multiplication of twice th« 
whole Meridian Diftance, or twice the entire Eaftr 
ing or Wefting, into the Sum of the whole Nor- 
thing or Southing, the Remainder will be the Area ' 
of the Survey. Thus, 

Firft Meridian Diftance, or the entire Eafting ; 
or Wefting, is 61.54, the Double of which is \ 

I23.C8,, 



V 
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123.08. The Sum of the whole Northing or 
Southing is 5744. Then, 

123.08 muhiplied by 57.44=7069.7152 
3185.2516+2777.4123=5962.6639 

Area of the Survey as before 1 107.051 3 



4. If the Sum in the South Area Coluihn in the 
firft, be added to the Sum of the North Area Co- 
lumn in the fecond, and from that Sum be fubtraft- 
ed the former Produd 7069.7152, the Remainder 
will be the Area of the Survey. 

Sum of the South Area of the firft 4292.3029 
Sum of the North Area of the fecond 3 8 84.4636 

The Sum 8176.7665 



The Sum 8176.7665 

The Produd before found 7069.7 152 

Area as before 1 107.0513 



fHEO. 
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«40, CALCULATION. 

r H E O. TV. 

Jfkm thtfirft Mm&m paffes through the Map. 

1^ the Eajl Meridian Diftances in the MMe of each 
line he multiplied inta the particular Southings and ' 
the JVeJl Meridian Diftances into the particular 
Northif^y the Sum of thffe Produils wiU bt the 
Area of the Map. 

RateX. Fig. I. 

Let the Figure ahkm be 4 E4ap> the Lines abj bk 
to the Southward, and km^ ma to the Northwar3, 
NAS the firft Meridian Line pafling through the 
iiril Station a. 

The Meridian 1 zdXao 7_a i am 
Diftances Eaft 3 /:« X06c(by)i - ^^ I am 

The Meridian \efY.gii \ _ a^^^ \ ^p 
Diftances Weft 5 Kiy.ga{mf)l ""^^^ I gl 

Thefe four Areas ^»7+we;+x^+^/ will be the 
Area of the whole Figure cmfwiprlc^ which is e- 
qual to the Area of the Map ahkm. Compleat 
the Figure. 

The Parallelograms am and ow are made of the 
Eaft Meridian Diftances dz and /«/, multiplied into 
the Southings ao and ox. The Parallelograms xp 
and gl 96t compofed of the Weft Meridian Dil- 

tancea 



] 
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tances ef and AA, multiplied into the Northings xg 
and ga (tny) but thefe four Parallelograms are equal 
to the Area of the Map ; for if from them be taken 
the four Triangles marked Z, and in the Place of 
thofe be fubftituted the four Triangles marked O, 
which are equal to the former ; then it h plain the 
Area of the Map will be equal to the four Paral- 
lelograms. Q;^E. D* 

TH E 0. V. 

If the Meridian Dijlance wHm Eajl^ bf muhipHed nUp 
the Southings^ and the Meridian Dijiance when tVefi 
he tmltiphed into the Northif^s^ the Sum of tfiefe hfs 
by the Meridian Dijianve when ff^eft^ nmtipSed into 
the Southings^ is the Area of the Survey. 

Plate X, Fig. %. 

Let ah c ht the Map. 

The FigUfe being qompleated, the Redtangle ^ 
is made of the Meridian Diftance eq^ when Eaft 
multiplied into the Southing an ; the Rectangle yk 
is made of the Meridian Diftance xw^ multiplied 
into the Northing cz or ya. Thefe two Rectangles, 
or Parallelograms, af+yk^ make the Area of the 
Figure dfnyikd^ from which taking the R,e6tangle 
cyj made rf the Meridian Diftance tu^ when Weft 
into the Southing oh or bm^ the Reniainder is the 
Area of the Figure dfohikdy which is equal to the 
Area of the Map. 



I i 



Let 
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Let tou^Yj urih=L^ rk'^C^ wrc^^Zj akw=Kj 
and efb=By ade=A.. I fay, that Y+Z+B= 
K+L+A. 

Y=L+0, add Z to both, theh Y+Z=L+0 
+Z; but Z+0=K, put K inftead of Z+O, 
then Y+Z— L+K, add to both Sides the equal 
Triangles B and A, theh Y+Z+B=L+K+Ai 
If therefore B+Y+Z be taken from ahc, and in 
lieu thereof we put L+K+A, we fliall have 
the Figure ^ohikd=abc^ but that Figure is made 
up of the Meridian Diftance when Eaft, mul- 
tiplied into the Southing, and the Meridian Dif- 
tance when Weft, multiplied into the Northing, 
lefs by the Meridian Diftance, when Weft, multi-' 
plied into the Southing. Q^ E. D. 



COROLLARY- 

Since the Meridian Diftance (when Wqft) 
multiplied into the Southirig, is to be Subftradt- 
cd, by the fame Reafoning the Meridian Dif- 
tance when Eaft, multiplied into the Northing, 
muft be alfo fubftrafted. 



SCHOLIUM. 

ft 

From the two preceding Theorems we learn how 
to find the Area of a Map when the firft Meridi- 
an partes through it ; that is, when one Part of the 
Map lies on the Eaft and the other on the Weft 
Side of that Meridian. Thus, 



Rule. 
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Rule. 

The Merid. 7 Baft f multiplied C Southings 1 
Dift. when 3 Weft i into the I Northings i 
their Sum is the Area of the Map. 

But, 

The Merid. C Eaft 1 muhiplied C Northings 7 
Dift. when c Weft 5 into the \ Southings 3 
the Sum of thefe Products taken from the former, 
gives the Area of the Map, 

Theie Theorems are true, when the Surveyoir 
Jceeps the Land he furveys on his Right Hand, 
which we fuppofe through the whole to be done ; 
but if he goes the contrary Way, call the Southr 
ings Northings, and the Northings Southings, and 
the fame Rule will hold good. 

^ From what has been demonflrated in Theo. 2. 
of this Seftion, it is plain, that if a Map lies to the 
Eaft of the firft Meridian, the Meridian Diftances 
picrcafe when the Departures are Eaft, and decreafe 
when Weft. And again, if the Map lies to the 
Weft of the firft Meridian, the Meridian Diftances 
increafe with Weft Departures, and decreafe with 
Eaft ; from whence this general Rule for Meridian 
Diltances m^y be inferred; 

1 . The Meridian Diftance and Departure, both 
Eaft, or both Weft, their Sum is the Meridian Dis- 
tance of the fame Name. 

2. The Meridian Diftance and Departure of dif- 
ferent Names, that is, one Eaft and the other Weft, 
their Difference is the Meridian Diftance, of the 
fame Name with the greater. 

liz Thus 
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Thus in the third Method of finding the Area, as 
in the following Field-Book. 

The firft Departure is put oppofite to the Nortli- 
ing or Southing of the firft Station, and is the firft 
Meridian Diftance of the fame Name. Thus if ^ 
the firft Departure be Eaft, the firft Meridian Dif- 
tance will be the fame as the Departure, and Eaft aU 
foj and if Weft, it will be the fame Way. 

The firft Meridian Diftance 6.61 E 
The next Departure 6.61 E 

The fecond Meridian Diftance 13.22 £ 
The next Departure 1.80 E 

The third Meridian Diftance 1 5.02 E 



' M : . ' }. ' 



At Station 5, the Meridian Pittance 5.78 E 
The next Departure 7.76 W 

The next Meridian Diftance 1.98 W 



At Station 11, the Meridian Diftance 0.12 W 
The next Departure 5.84 E 

The next Meridian Diftance 5-7 ^ E 



Pl^te X, Fig. 3. 

In the 5th and nth Stations the Meridian Dif- 
tances being lefs than the Departures, and of a con- 
trary Name, the Map will crofe the firft Meridian, 
^nd will pafs as in the 5th Line, from the Eaft to 

the 
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the Weft Side of the Meridian ; and in the 1 1 x\\ 
Line it will again crofs from the Eaft to the Weft 
Side, which will evidently appear, if the Field- 
Work be protradted, and the Meridian Line paf- 
fing through the firft Station, be drawn through 
the Map. 

The Field-Book caft up by the Third Method, 
will be evident from the two foregoing Theorems, 
and therefore requires no farther Explanation ; but 
fofnd the Area by the 4/A Method^ take this 

Rule. 

When the Meridian Diftances are Eaft, put the 
Produds of North and South Areas in their proper 
Columns ; but when Weft, in their contrary Co- 
lums ; that is, in the Column of South Area, 
when the Difference of Latitude is North ; and in 
North Area when South ; The Reafon of which 
is plain, from the two laft Theorems. The Dif- 
ference of thefe two Columns will be the Area of 
the Map. 

By comparing the Area of the Field-Book by 
the two firft and the two kft Methods, it is plain, 
that the Column of Deduftions of the two laft, are 
much lefs than either of the two former, and con- 
fequently the Multiplications eafier, as they confift 
of lefs Figures. Sometimes it will happen that 
there are no Deduftions, but all the Area will ftand 
in one Column, which cannot liappert in either of 
the two former Methods. 
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246 fhe fdfegoing Fi eld-Book, Method IIF. 



No, 
Sta. 



4 



5 



8 



10 



n 



12 



Bearings. 



NE 75 



NP 20f 



•TrT- 



Eaft 



SW 33i 



SW 76 > 



North 



SW 84 



NW 



53 



z 



C. L 



13.70 



10.30 



16.20 



3530 



16.00 



g.oo 



1 1.60 



1. 60 



NE 36I 1920 



NE 



22T 14.00 



SE 76I 12.00 



SW 15 



>.-^ 



«3 



lo.St^ 



SW i65;io.i2 



Latil. and 
HalfDep 

N 3.54 
E 6.61 

N ' 9.65 
E+ 1.80 



0.00 
8.10 



W— 9.74 
S 3.87 

W 7-76 

N 900 
000 



Mer. 

Dift, 

6.61 E 
13.22 E 

i«;.o2 E 
16.82 E 

24.92 E 
33.02 E 

23 29 E 
13.54 E 



578E 

1.98W 



S 1. 21 

W-.S77 



• M 



N 6.94 
W— 4.64 

N 15.38 
^ S-74 

N 1293 
E 2.6S 

S 2.75 
E 5.84 

S 1048 
VV— 1.40 



S 9.69 

w-r-1.46 



I.98W 
I.98W 

7.7sW 
3S2W 



18.16W 
22.80W 

1 7.06W 
1 1.32W 



8.64VV 
S96W 



o. 12W 

5.72 E 



4.32 E 
2.92 E 

1.46 E 
0.00 



Area. 


Deduction 




23.3994 




1 44.9440 




1 


685.3632 




223686 




17.8200 


1 




0-377S 


1 26.P304 





262.382S 



1 1 1. 7152 



45.^736 



14.1474 



0.3300 



1285. 1012 » 78.0499 
178.0409 



Content as before 'n Chiins 1 1070^ 1 3 



Ih foregoing Kiel d-Bo o k , Metkd IV. 24*/ 

// is needlefs here to infert the Columns (f Bearing vf 
Dijiances in Chains^ being the fame as before. 



No. 
Sta. 



Latit. and 
HalfDep. 



N 
E 



3-54 
6;6i 



N 
E 



9.65 
1.80 



0.00 
8.10 



5 



S 29.44 
W 9.74 



S y^y 
W 7.76 



N 



9.00 
0.00 



8 



S 1:21 

W 5.77 



10 



N 6.94 

W 4.64 

N 15.38 

E 5.74 

N 12.93 

E 268 



Mer. 
Did. 

6.6t E 
13.22 E 

15.02 E 
t6.8f E 

2492 E 
33.02 E 

23.28 E 
13.54 E 

5.78 E 

1.98W 

i.98W 

1.98W 



7.75W 

I352W 

I8.I6W 

22.80W 

1 7.06W 

II.32W 



8.64W 
5.96W 



II 



12 



«3 



S 2. 75 O.I2W 

E c.Sit c:.72 E 



S 1048 
W 1.40 

S ; 9.69 ^ 

W ' 1.46! 000 



5.72 



4.32 E 
2.92 E 

1.46 E 



N. Area. 


S. Area, 


23-3994 




144.9430 


■ 




' 


• 


685.3632 




22.3686 


•1 


17.8200 

• 


9-3775 






1260304 




262.5828 




_ _ 



0.3300 



111.7152 



45.2736 



14.14.74 



178.0499 
Area in Chains as before 
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The Conjiru&ion of the Map from either the 

^dor ^th Tab/ex. 

Plate X; Fig. 3. 

Draw the Line NS. for a Ndrth and South Liilc, 
which call the firft Meridian ; in this Line affume 
any Point, as i, for the firft Station, Set the 
Northing of that ftationary, Line which is 3.54 
from I to a, on the faid Meridian Lirie. Upon 
the point 2 raife a. perpendicular to the Eaftward, 
the Meridian Diftancc being Eafterly, and upon it 
fet 13.22, the fecond Number iri. the Column of 
Meridian Diftance, from 2 to 2, and draw the Line 
1 2, for the firft Diftance Line : From 2 upon the 
firft Meridian, (et the Nojthing of the fecond fta- 
tionary Line, that is, g,6g to 3, and on the Point 
3 ereft a Perpendicular Eaftward, uppn which 
let the Meridian Diftance of the fecoiid Station 
16.82, from 3 to 3, and draw the Line 2 3, for 
the Diftance Line of the fecond Station. And 
fince the third Station has neither Northing nor 
Southing, fet the Meridian Diftance of it 33.02, 
from 3 to 4, for the Diftance Line of the third Sta- 
tion. To the fourth Station there is 29.44. South- 
ing which fet from 3 to 5 ; upon the Point 5 ereft 
the Perpendicular 5 5, on which lay 13.54, and 
draw the Line 4 5. 

In the like Manner proceed to fet the Northings 
and Southings on the firft Meridian, and the Meri- 
dian Diftances upon the Perpendiculars raifed to the 
Eaft or Weft ; the Extremities of which connected 
by Right Lines, will compleat the Map. 

A Map may be in like Manner conftru£led from 
the firft or fecond Tables. 

A TABLE. 



[ H9 ] 



ji TABLE of Difference of Latitude and 
Half Departure^ or of Northings Southings 
Half Eajiing^ and Half Wejiing^ to every, 
garter Degree of the Comfafs ; the 
Dijiance being Jufpofed to be one Four -Pole 
Chain. 



Deg. Qrs. 


N. S. 


E. W. 




Deg. Qrs. 


N. 6. 


£;W" 


0. 

I 

2 

3 


I .0000 

I.OOOO 

1. 0000 
•9999 


.0000 

.0022 
.0044 
.0065 


6. 0: 

I 
2 

3 


•994^ 
.9940 

.9936 
•993 » 


.0522 
.0544 
.0566 

.0587 


I. 

I 

2 

3 


9998 

•9997 
.9996 

•9995 


.0087 
.0109 
.0131 
.0153 


7. 



I 
2 
3 


' 9925 
.3920 

.9914 

.9909 


.0609 

.0631 

0652 

.0674 


^. o 
I 

2 

3 


'9994 
.9992 

.9990 

.9988 


.0175 
.0196 

.02 18 
.0240 


8. 

I 
2 

3 


.9903 
.9896 
.9S90 
.9883 


.0696 

.©7»7 
.0739 

.0760 


3. 

1 

2 

3 


.9986 
.9984 
.9981 
.9978 


.0262 
.0283 

•0305 
.0327 

X 


9. 

I 
2 

3 


•9877 
.9870 

•9863 
•9855 


.0782 
.0804 
.0825 
.0847 


4. 
I 

2 

3 


•9975 
.9972 

.9969 

.9966 


.0349 
.0370 
.0392 
.0414 


10. 
I 
2 

3 


.9848 
.9840 
.9832 

.9824 


.0868 
.0889 
.091 1 
.0933 


5. 

I 
2 

II -' ' 


.9962 
•9958 
•99S4 

. -ms, 


.0436 

•9457 
.0479 


11. 
1 
2 


.98*6 

.9808 

•9799 
.9790 


.0954 

.0975 
.0997 
.ioi8| 



K k 



-' V- 



.* 
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A 'table of Difference of 



Deg. 0^8. 


N. S. 


E. W. 




Deg. Qrs. 


N.S. ,.£.W.} 


12. O 


.97St 


.1039 


21. 


.9336 


.17^2 


.. 1 


.9772 


.1061 


« 


i 


.9320 


.I8f2 


2 


•9763 


. 1082 




2 


.9304 


.1832 


■ .J- 


;97S3 


:i 1 63 


1 


3 


.9288 ' 


.1852 

f ■ * 


13. P 


•9744 


.1124 


'22. 


.9272 


.1873 


I 


•9734 


.1146 




I 


•9^55 


.1893 


2 


.9724 


.1167 




2 


•9^39 


•'9'3 


3. 


•97 '3 


.1188 


■ 


3 


.9222 


•'953 


14. 


•9703 


.1209 


23. 


.9205 


.1953 


1 


.969ii 


•1231 




1 


.9188 


•'973 


2 


•9681 


.1252 




2 


.9171 


•»993, 


■ ■■' } 


.9670 : 


1273 


1 


3 


9' 53 


.2013- 


15- b 


.965$ 


.1294 


"24. 


•9135 


.2033 


\ ■ 


.9647 ' 


•i3»5 


' 


I 


.9117 


.2053 


2 


.9636 


.1336 




2 


.9099 


;2073 


3 


.9624 


•'357 




3 


.'9081 


.2093 


1 6. D. 


19613- 


•'378 


'25. 


.9063 


2113 


i ■ 


.9606 . 


.1399 




I 


.9044 


.2133 


* 2 


95^8 


.!420 




2 


.9026 


•ii^2 


3 


•9576 


.i44i 




3 


.9007 


.2172 


17. 


.9563 


.1462 


' 26. 


.8988 


.2192 


I 


.gt;tyO 


.1482 




I 


.8968 


.2211 


2 


•9537 


.1503 




2 


.8949. 


42236 


3 


.9524 


.1524 




3 


8929 


r2250 


18. 


•95 'o 


•»545 


27. 


.8910 


.2270 


1 


•9497 


.is66 




1 


•889D 


.2289 


2 


.9483 


.1^86 




2 


8870 


.2308 


3 


.9469 


.1607 




3 


.8850 
.8829 


•232^ 


19. 


•9455 


.1627 


28. 


.2347 


I 


.9441 


.1648 




1 


.8809 


.2366 


2 


.9426 


.1669 




2 


.8788 


23^5 


3 


.9412 


.1689 




3 


.S767 


.2405 


zo. 


•9397 


.1710 


29. 


.8746 


.2424 


I 


.9382 


•'730 




I 


.8725 


.2443 


2 


.9366 


.17SI 




2 


.8703 


• 2462 


3 


•9351 


.1771 




3 


.S682 


.2481 



»< 



Latitude and Departure. 



25> 



Ueg. yts. 


U.S. 


E.W. 




Deg. 


(irs 


N.S. 


E. W. 


10- 





.8650 


■2500 


iq- 





.7771 


1.46 






.8618 


.2519 






I 


.7744 


.3163 






.86.6 
.6594 


.2556 






3 


.7716 
.7688 


.3180 
.3197 






.8571 


.^'.1^ 


40. 





.7660 


■3!'4 






»«■) 








I 


.76J2 


.3230 






.8(27 








2 


.7604 


.3247 






.8503 


.2b3. 






3 


■7575 


.3263 


V- 




S480 




41 





.7547 


.3280 






84!7 


.266H 








.7518 


.1296 






.8414 


.2686 






2 


•7489 


.3313 






.84,0 


■^705 






3 


.,460 


■3329 


n- 




.8,87 


.2721 


42. 







3345 






Sit, 


.274' 






1 


.7402 


3,6. 






.»Hq 


■27^q 






2 


.717! 


.1178 






.8J.S 


:177s 






3 


.7343 


.3394 


H- 




.8190 


.2796 


43. 





■73'3 


.3410 






.S!66 


.2814 






I 


.7282 


.3426 






.6241 


.2«1Z 








■7254 


.344. 








-2HSO 






3 


.7224 


.3457 


Iv 




S.q, 


.2867 







.7192 


.3473 








.2Hb^ 






1 


.7.6, 


.3489 






.8,41 


.2903 






a 


.71,2 


■3564 








.2921 






3 


.7102 


■352P 


3S. 




Sogo 
.8064 


2939 
.2956 




4S- 


^ 


.7071 
.7041 


.3535 
355' 








.2974 






2 


.7009 


.15» 








.299, 






3 


.097' 


.358. 


u 




.7986 


■3009 


46. 





.G946 


-3596 






.7960 


.3016 








.691; 


.16.2 






./933 


■3044 






2 


688, 


.3627 






.-907 


-lobi 






3 


68^2 


.3642 


18. 




.7880 


.3078 


47. 





.6820 


.3656 






78S1 


.309- 






1 


.6788 


.,6,, 








.3.12 






2 


.6756 


.3686 






■7-OQ 








3 '.6724 


.3701 










Kk 


2 









A Tahk of Difference of 



Dcg.Qr^ 



N. S. 



4^ 



49 



50. 



5» 



S^' 



53- 



S4 



55 



56. 



o 
I 
2 

3 

o 
I 

a 

3 



o 
I 

2 

3 

o 
I 

2 
3 

o 
1 

2 

3 

o 
1 

2 

3 

o 
1 
2 
3 

o 
I 
2 

3 

o 
I . 
2 

3 



.6691 
.6659 
.6526 
.6593 



.6527 
6404 
.6461 



.6428 

•6394 
.6361 

•6327 



.6293 
.6259 
.6225 
6191 



6157 
.6122 
.6087 
.6052 

.6018 

•S983 
.5948 
.5912 



.5878 
.^842 

.^807 

•5771 



"5736 

►$700 
5664 

5628 

> II 

.5592 

5S55 
55»9 
5483 



iTw: 



37»5 

3730 

374«> 
37S9 



3773 
3788 
3802 
3816 



3830 
3S44 

3858 

3872 



3885 

3899 

39^3 
3926 



394a 

39$3 
3966 

3980 



3993 
4006 

4019 

4032 



4045 
4058 
4070' 
4083 



4095 
4108 
412a 

4»33 



.4145 

4«57 
.4169 

.4181 



Deg. Qrs. 



57- 



58. 



59- 



60. 



61. 



63. 



64. 



65, 



o 
1 
2 

3 



o 
I 

2 
3 



o 
I 
2 

3 



o 
I 

2 

3 



o 
1 

2 

3 



62. o 
I 

2 

3 



o 
I 

2 

3 



o 
I 

2 

3 

o 
1 

2 

3 



N. i). |E. W. 



5446 
5408 

5373 
5336 



5299 
^262 
52^5 

$188 



S150 

SJ^3 

5075 
S038 



5000 

4962 
4924 

4886 



4848 
4810 

477« 
4733 



469^ 
4656 
4617 

4579 

4540 
4501 
4462 

4423 



4383 

4344 

4305 
4265 

^— •"-•^^~" 

4226 
4186 

4*47 
4107 



•4«93 
.4205 

.4217 

.4228 

.4240 
.4251. 
.4265 

■4274 

.4286 
.4297 

.4308 

43 >9 

•43 30^ 
■4341 
•4351 
•4362 

•4373 
.4383. 

•4394 
.4404 



.4414 

•4425 
•4435 
■4445 

•4455 
.4464. 

'4474 
.4484 

•4494 
4503 

4513 
4522 

•4531 
•4540 
•4549 



Latitude aftd Departure. 



25S 



Deg. Qrs. 


N. S. 


E.W. 




Deg. Qrs.j N. S. 


E.w; 


66. o 


4067 


.4567 


75- 





.2^88 


.4829 


1 


.4027 


.4576 






I 


.2546 


•4835. 


2 


.3987 


•4585 






2 


.2504 


.4840 


3 


•3947 


•4594 






3 


.2461 


.4846 


67. 


.3907 


.46(52 


76. 





.2419 


•48? I 


1 


.J867 


.461 1 






I 


.2377 


.4856 


2 


.3827 


.4619 






2 


2334 


.4862 


3 


•J786 


.4627 






3 


2292 


.4867 


68. 


.3746 


.4636 


77- 


d 


2249 


.4872 


I 


•3705 


.4644 






I 


.2207 


.4876 


2 


.366s 


.4652 






2 


.2164 


.4881 


3 


.3624 


.4660 






3 


•2122 


.4886 


69. 


•3^84 


.4668 


-78- 





.2079 


.4890 


1 


•3543 


.4676 






I 


•2036 


.4895 


2 


•3502 


.4683 






2 


•»993 


.4899 


3 


•346c 


.4691 






3 


.1951 


.4904 


70. 


.3420 


.4698 


79- 





.1908 


.4908 


1 


•3379 


.4706 






1 


.i86<; 


.4912 


2 


•3338 


•4713 


■ 




2 


.182* 


4916 


3 


•3^97 


.4720 






3 


•>779 


.4920 


71. 


•3^55 


•4727 


80. 





.1736 


.4924 


1 


.3214 


•4734 






1 


.1693 


4927 


2 


•3173 


•4741 


' 




2 


.1650 


•493 i 


3 


.3131 


4748 






3 


.i6c7 


■4935 


72. 


.3090 


•47$') 


81. 





.1564 


•4938 


I 


.3048 


•4762 






I 


1521 


.4941 


2 


.3007 


.4768 






2 


.1478 


•4945 


3 


.2965 
.2924 


•477? 






3 


•»43$ 


.4948 


73. 


.4781 


82. 





.1392 


.49^1 


1 


.2882 


.4788 






I 


.1348 


'4954 • 


2 


.2840 


•4794 






2 


.130^ 


•4957 


3 


.2798 


.4800 






3 


.4.262 


.4960 


74. 


.2756 


.4806 


83. 





.1218 


.4962 


I 


.2714 


.4812 






1 


.1175 


.496- 


2 


.2672 


.4818 






2 


.1132 


•4966 


3 


.2630 


.4823 


1 


_3^ 


.10S8 


.4970 



k • 



\ 



254 -^ ^^^^ ^f J^titude and Departure. 



Deg. Qrs. 


N. S. 

• 


E, W. 




Dcg. Qrs.| S. N. 


E. W. 


84. 
I 

2 

3 


.1045 

.1Q02 

.0958 
.0915 


•4972 

•4974 
•4977 
•4979 


87. 

I 

i 

, 3 


.0523 
.0480 
0436 
.Q392 


•4993 

•4994 

•499S 
,4996 


85. 
1 
2 

3 


.087 i 
.0828 
.0784 
.0741 


4981 

.4983 
.498^ 

4986 


88. 
I 

2 

3 


•0349 
0365 

.026^ 
.0218 


.4997 

4997 
.4998 

.4998 


86. 

1 
2 
3 


.0697 
.06^4 
.0610 

.0^66 


.4988 
.4989 
.499b 

.d992 


89. 

1 
2 


.0174 
0131 
.0087 
.0043 


•4999 

•4999 
.5000 

.(JOOO 


c . .: 1/90.. .0 .0000 -^000 1 



A TABLE 
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A TABLE for changing Degrees tcien hy 
' the Grcumferentor to thofe of the Quarter- 
ed Qmpqfx, and the contrary. 



Degrees. 




DeE,«.. 




Degrees 




U,.„.| 


Cir. 


Q,C. 


CJ^QS- 


Cir 


at 


Cir. 


Q,C. 


360 


Not. 






NW 






NW. 






iW. 




K-W 1 




3' 


31 




61 


6i 




9' 


89 








32 


32 




6i 


6: 




9' 


83 


3 


3 




13 


33 




6l 


(>3 




91 


87 


4 


1 

s 






34 
3S 




64 

6s 


s 




94 
9' 


86 
85 


6 


fc 




.?6 


3*^ 




66 


6b 




g6 


84 








37 


37 




57 


(}-7 




9" 


83 


b 


G 




.58 


38 




6S 


68 




93 


82 


c, 


9 




39 


39 




69 


- 69 




99 


81 


10 


" 




40 


40 




70 


70 




100 


80 


~, 


~7. 




4' 


41 




7' 


,. 




~i^i 


79 


12 


■2 




4^ 


4» 




7a 


7^ 




101 


78 


13 


'3 




4i 


4i 




73 


73 




'03 


77 


'4 


M 




44 


44 




74 


74 




LC4 


76 


M 


'S 




4i 


4S 




'4 


7^ 






7S 


16 


it 




45 


46 




76 




106 


74 


17 


'7 




47 


47 




77 


77 




1D7 


73 


lb 


jS 




48 


48 




78 


7» 




]o3 


72 


'9 


'9 




49 


49 




79 


P 




ID9 


7' 


2C 


20 




SO 
51 


5' 




Bo 
8. 


80 
8. 




~ 


70 
69 


21 


Zl 








S^ 


^' 




82 


81 






63 


23 


^3 




53 


53 




83 


Si 




'1.3 


67 


24 


24 




54 


54 




84; 84 




"U 


66 


2S 


2S 




SS 


5i 




85 81 
SS 86 




"5 


6s 








56 


56 






iif 


64 


2- 


27 




57 


57 




87 8- 




1J7 


63 


2S: 


aS 




S3! 5S 




83 88 




lib 


62 




2J 

30 




li 11 




89 89 
_9oi_9o 






61 
60 

























2^6 -A Table for cHatt^Jng Degrees, &c. 



Dtfiiees. 




D.g-.e.. 




Degieea 




Pegrees- 


Ci.. 


s,w 


cir. 




Ci,. Q,C 


CIt. 


%C 




S. E 


I3.i 


59 




'5 


29 




181 




21 


3' 




ss 




'52 


28 




i8i 






32 


U3 


57 




•S3 


27 




'S^ - 




213 


33 


124 


5b 




M4 


ab 




1S4 1 




214 


34 




?5 




'55 


= 5 




iSs; i 




215 


II 


126 


54 




.56 


^1 




|85 f 




216 


'?« 






157 
.5b 






|S8| 8 




217 
118 


IS 


129 


S' 




'59 


z' 




,85 


<^ 




219 


39 


r^o 


50 




160 


— 




19c 








40 


131 


49 




161 


'9 




IQl 


1 




22 1 


41 


«3^ 


4b 




i6a 


IS 




1 9a 


'2 




Z22 


4Z 


'j; 


47 




165 


'7 




•93 


'3 




22 ( 


45 


'54 


46 




.64 


16 




r94 


'4 




Z24 


44 


MS 


4? 




i6s 


I? 




'9^ 


>5 




22^ 


4^ 


136 

1^7 


44 
43 




166 

167 


'4 
'3 




,96 
'97 


.6 
'7 




226 
227 


,6 

47 


"3S 


4' 




168 






,98 


18 




22S 


48 


■39 


41 




169 


II 




.99 


■9 




229 


49 


140 


40 




170 


la 




.00 


20 




230 


^^l 


'+' 


39 




~ 


q 




~, 


21 




231 


"1 


142 


3« 




172 


8 




20; 


as 




231 


" 


'43 


3" 




'73 


7 




20J 


i3 




133 


S5 




3^ 




'74 


' 1 


204 


24 




234 


sJ 


'4S 


J5 




'75 


5 1 




25 




«35 


55 








176 


4 




J 06 


26 




136 


ss; 


147 


33 




177 


3 




207 


27 




237 


57i 


.48 


J' 




17K 


z 




208 


zS 




238 


5«, 


'« 


3' 




'79 


1 




209 29 




239 


59 


'S° 


, x° 


I So 


Sou. 





z>p 3° 


24. 


_63 



A tahk for ckoHpn^ Decrees, &c. 257 



Degrees. 




Degrees. 




Deg,... 




D.gtees. 1 


Cip. 


3.E 




ciT 


Q.C. 

s.w. 




^ 


Q.C. 




Cii. 


M.E 




N.E 


441 


6j 




271 


89 




301 


S-^' 




.13' 


29 


^i^ 


62 




272 


88 




3OZ 


5^ 




33 = 




243 


6) 




273 


87 




3''3 


5" 




33? 


27 


a 44 


64 




274 


86 




304 


St- 




334 


26 


24s 


6i 




27^ 


85 




3°S 


5=: 




33S 


*S 


^4^ 


66 




276 


84 




306 


54 




3J6 




!47 


67 




«77 


63 




307 


S3 




337 


2J 


24b 


68 




278 


82 




,08 


5^ 




338 


22 


249 


69 




279 


81 




3 "9 


5' 




i39 


21 


250 


70 




^0 


80 




310 


S' 




340 


20 


251 






281 


79 




311 


4'v 




W 


'^ 


252 






282 


78 




3'2 


4^ 




34* 


18 


253 






283 


77 




3 'J 


47 




343 


17 


254 






284 


76 




3"4 


46 




344 


16 


"55 






285 


-^ 




T- 


+5 




345 




256 


76 




286 


74 




3,6 


44 




H'' 




2S7 


■77 




287 


73 




317 


4: 




347 




258 


78 




288 


72 




JtB 


42 




US> 




a;9 


79 




189 


7' 




3'9 


4> 




349 




z6o 


J! 




iL° 


r 




320 


40 




350 




a6i 


8. 




2„ 


'~t^ 




321 


3V 




35' 


9 


262 


32 




292 


6i 




JJZ 


3^ 




3i^ 


8 


26J 


83 




293 


67 




32; 


3: 




353 


7 


264 


84 




294 


6t 




324 


36 




3S4 


6 


265 


83 




29s 


63 




3^5 


3s 




3SS 


5 


256 


86 




296 


64 




326 


34 




356 




267 


87 




2-J7 


<>J 




327 


1' 




JS: 


3 


268 


88 




298 


6j 




1Z' 


^^ 




iSf 




169 


89 




299 


61 




3^S 


3' 




3i9 


1 


2;o'E.lt 




3C0 


6a 




33' 






i6oNr.f.l 



The above Table is fo plain in itfelf, that it 
needs no further* Explanation than this, that Cir. 
at the Top of the Cofumn ftands for Circiimferen- 
tor, and (i_C. for Qiiartered Compafs. 

I^ I To 



258 To perform the foregoing fabk by Numbers. 

To chat^e Degrees of^ the Circuwferentor to thofe of the 
gartered Compafsy without the foregoing T'aMCj and 
the Contrary. 

1 . If the Degrees are lefs than 90, they are tliat 
Number in the N W Quadrant. 

2. If the Degrees are between 90 and 1 80, take 
them from 1 80, and the Renuinder is the Degrees 
in the SW ^Quadrant. 

3. If the Degrees are between 1 80 and 270, take 
1 80 therefrom, and the Refidue is the Degrees in the 
SE Quadrant. 

4. If the Degrees are between 270 and 360, take 
them frbm 360, and the Remainder is the Degrees 
in the NE Qimdrant. 

5. 360 is N> 180 is S, 90 is W, and 270 is E. 

Ex A M P LE. 



1 . Change 56^^, taken by a Circumferentor, to 
Degrees of the Qimrtered Compafs. 

Anfwer NW 56^. 

2. Change 1 26^ to the Degrees of the Quartered 
Compafs. 

180 

I26i 



Anfwer 5^^ 



3. Change 



To perforin the foregoing fable by Numbers, 259 

3. Change z^^^'j; to Degrees of the Quartered 
Compafs. 1 80 

Anfwer SE 54i 

4. Change 324°^ to Degrees of the Quartered 
Compafs, 

324I 



Anfwer NE 35'^ 

TV Contrary of the former. 

Agaia to cliange Degrees taken by the Quartisred 
Compafs to thol^ of the Circumferentor. 

1 . If the Degrees are in the N W Quadrant, they 
are a like Number by the Cirpumferentor. 

2. If the Degrees are in th? SW Quadrant, take 
them from 1 80, for the Degrees by the Circumfe- 
rentor. 

3. If the Degrees are in the SR Quadrant, add 
them to 1 80, thejr Sum wilj be thofe for the Cir- 
cumferentor. 

4. If the Degrees are in the NE Quadrant, take 
them from 360, the Reniainder will be thole for tl)C 
Ciraunferentor. 

5. N is 360, S 180, W 90, and E 270 Degrees. 
This is fo plain that it requires no Example. 

IA'2 Having 



'•%-, .»■•••■• '-< 



¥ 



^ [ i6o ] 

Having the Angles of the Field taken by a TTieodoUte, 
Semicircle^ or Flane Table given, to reduce them to 
Angles from the Meridian, or to thfe taken by the 
Circumferentor, 

THE Angles of the Field, with the Bear- 
ing of the firft, or any other ftationary 
Line from the Meridian being given ; the Bearings 
of all the other ftationary Lines may he found by 
thele two Rules. 

R U L E I. 

If the Angle of the Field at any Station be more 
than 1 80, take 180 from it, and add the Remainder 
to the Bearing at the foregoing Station ; the Sum if 
lefs tlian 360 will be the Bearing at the prefent Sta- 
tion or of the next Line : But if the Sum be more 
than 360, take 360 from it, and the Remainder will 
be the prefent Bearing. 

Rule II. 

If the Angle of the Field be lefs than i8o 
take it from 1 80, and from the Bearing at the . 
foregoing Station take the Remainder, and you 
will have the Bearing of the preferjt pqe : But 
if the Bearing at the foregoing Statiori be lefs 
than the firft Remainder, to- this foregoing Bear- 
ing iadd 360, and from that Sum take the firft 
Remainder, and this laft Remainder will be the 
prefent Bearing. An Example will render this' 
Matter familiar and eafy. 

Required to change the following Angles of the 
Field, to Bearings of the Needje from the North, 
the Bearing of the fxrft ftationary Line being 262. 

The 



f 46. ] 





fS 


The Manner of finding ihe Bcai.ings. 


.ng6. Sia. 


~; 


'W 


100—180= 20, 262+ 20= 


281 


^ 


3 


zyo 


270—180= 90, i8z+ 90=372, 372—360= 


12 


3 


4 


8o 


180— So=ioo. 12+360=372, 372—100= 


^^z 


4 


5 


98 


i8o— 98= 82. 172— 82= 


;?o| II 


6 




180—100= 80, 190— 80= 


: 


230 


730—180= 50, 5o-fuo= 
180 — 90^ 90. 160 — qo=: 


,60 


7 


8 


90 


70 


8 


9 


82 


:8o— 82=: 98, (70— S2)=36o+ 70—98= 


ii' 


9 




igr 


19,-180=,,. M+3J2= 


343 


10 


11 




180—120= 60, 341— 60= 
,8^159= 21. 28J— 21= 




"' 




1620 


Sumof the Angles in the Field. 







The laft found Bearing being the &me as that 
taken at the firft Station by the Needle, fliews that 
all the Angles of the Field were truly taken. 

The like we may alfo be confirmed of by adding 
lip the Angles of the Field; for iftheir Sum be equal 
to twice as many right Angles as there are Stations 
or Sides in the Figure lefs by 4; they are truly taken. 
By Scholium, P. 157. 

22 twice the Number of Stations, 



1 8 Right Angles, 
9° 



1620 Sucn of the Angles. 



Having found the Bearings from the North, or 

by the Circumferentor, the Bearings by the Qmr- 

teied Compafe are eafily obl^ned as before. And 

thus 



[ 262 ] 

thus a Map can be more accurately protrafted than 
from the Angles of the Field, md its Area may be; 
J had by Calcuktionr 

If you have all the Angles of the Field without 
any Bearing given, you may in the like Manper re^; 
duce them to Bearings, whfch will anfwer for Protrac- : 
tion by Parallels, by finding theAiea by Calptila- 
it tion ; by fuppofing the Bearing of the firft ftationarjT" 

Line to be any Number lefe than. 360* and thence- 
you may alfo know, if the Angles • of the -Field be ': 
truly taken. For though the Bearings of the feveml 
Hationary Lines be felfe ones, yet the Map will be i 
equal in all Refpefls to one protra<fted from Bear- • 
ings taken by the Needle, and therefore the Area of ' 
each will be the feme: But you will be at a lofe for 
the Situation of the Land furyeyed, with refped: tp 
the North, South, Eaft, and Weft Points of the 
Compafs, 

The foregoing Rules demoftft rated, 

Plate XL Fig. i. 

Let 1,2,3, 4> 5^ ^^' reprefent a Plot of Ground, 
and let the Lines NS paffing through every Station 
repreient Meridian Lines. 

r 

The Arc NSo at the firft Station, will be the 
Bearing of the Line 1 2, from the North, as if taken 
by the Circumferentor, which Arc is equal .to the 
Arc Nr Sq at the fecond Station, made by produc- 
ing the Line i 2, from the Parallel Pofition of the 
Needle. And the Arc rSqo at the fecond Station, — 
rSq which is a Semicircle, is=oq, but NrSq, which 
was fliewn to be equal to the Bearing at the firft 
Station +oq=NrSqo, which will be the Bearing of 
the fecond ftationary Line. 

Thus, 



■*■■ 
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Thus, if from rSqo 2cx)°, the Angle of the Field 
at the fecond Station, rSq = 1 80^ be taken, the 
Remainder oq will be 20^. But NrSq=262®, the 
Bearing of the firft ftationary Line+oq, which is 
2o^=NrSoq=282% the Bearing of the fecond 
ftationary Line. 

Again, at the third Station NrSq=NrSqo, the 
Bearing of the fecond^ationary Line, and rSqNo 
.the Angle of the Field at the third Station ; if then 
from it the Semicircle rSq be taken, the Remainder 
will be qNo, to which if NrSqo be added, the Sum 
will be the entire Circle +No, therefore if the Cir- 
cle, or 360, be takeii therefrom, the Remainder 
No will be the Bearing of the third ftationary 
Line, &?r. Q^E. D. 

All the reft will be manifeft with little Confider- 
ation when every Line is continued, and the Circles 
drawn as in the Scheme, 
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SECT. VI. 

Cmtaimf^ the Nature of Off-Jets and InterfeSlms ; the 
Meth^s of enlarging J diminijhmg and conne^ing Maps^ 
with the Method rf tracing the Down (or any other) 
Surveys. Alfo the Variation of the CompafSj and its 
Vfes in Surveying. How to reduce one Meafure to 
another y infix Problems ^ with three other very ujeful 
Problems j and the whole concludes with fome necejfary 
Direflions concerning Surveys in general. 

Of O F F - S E T S- 



IN taldng Surveys it is iinneceflary and uhufual 
to make a Station at every angular Point, be- 
caufe the Field Work can be taken with much 
greater Expedition^ by ufing OfF-fets and Interfec- 
tions, and with equal Certainty. 

OflP-fets are Perpendicular Lines, drawn or mea- 
fured from the angular Points of the Land, that lie 
on the right or left Hand to the ftationary Diftance> 
thus, 

Plate XI. Fig. 2. 

Let the black Lines reprefent the Mearings of a 
Farm or Town-Land : Arid let i be the firft Sta- 
tion 



1/ 
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tion, then If you have a good View to 2, you omit 
the angular Points between i and 2, and take the 
Bearing and Leflgth of the ftationary Line i 2, and 
infert them in your Field-Book : But in. ehaining 
from I to 2, flop at d oppofite to tife angular Point 
a, and in your Field-Book infert the Diitance froqi 
I to d, which admit to be 4C. 25L. as Well aa the 
Meafure of the Off-fet ad* which ildmit to be iG. 
1 zL: thus : By the Side of your Field-rBook in a 
Line With the firft Station fay, at 4C 2^L. iC. 
12L. that is, at 4C. 25L. there is an OfF-let to the 
left Hand of iC. 12L. 

This done, proceed on your diftance Line to e, 
oppofite to thfe Angle b, and meafure eb/fuppofmg 
then I e to be yC. 40L. and eb 3C. 40L. &iy (ftill 
in a Line with the firft Station in your Field-Book) 
at 7G. 40L. LgC. 40L. tb<»* W at 7C. 40L. there 
• is an Off-fet to the left of 3C. 4GL. proceed then 
with your diftance Line to f^ oppofite to the Angle 
e, and meafure fc ; fuppdfe then if to be 1 3C. and 
fe iC. 25L. fay in the &me Line as before, at 1 3C. 
LiC. 25L. Then proceed from' f to 2, and you 
will have the Meafure ctf the entire ftationary Line 
I 2, which infert in its proper Column by the Bear- 
ing. 

In taking OfF-fets, it is neceflary to have a Perch 
Chain, or a Staff of half a Perch, divided into 
Links for meafuring them ; for by thefe Means the 
Chain in the ftationary Line is undifturbed, and the 
Number of Chains and Links in that Line from 
whence, or to which, the Off fets are taken may be 
readily known. 

Having arrived at the fecond Station if you Jfind 
your View will carry you to 3, take the Bearing 
irem 2 to ^, and in meafuring the diitance Line, 

M m ft0p 
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flop at 1 oppofite to g ; admit 2I to be 4C. loL. 
and the OfF-fet Ig 1 C. 20L. then in a Line with 
the fecond Station in your Field-Book, fay at 4C- 
loL. RiC. 20L. that is the OfF-fet is a right Hand 
one of iC. 20L. Again at m, which fuppofe to be 
loC. 25L. from 2 ; take the OfF-fet mh of iC. 15L. 
and in a Line with the fecond Station fay, at loC. 
25L. RiC. 15L. In the fame Line when you come 
to the Mearing at /, mfert the Diftance 2/, 13C. 
loL. thus, at 13C. loL.O; that is at 13C. loL. 
there is one OfF-let. At w, which is 15C. from 2, 
take the OfF-fet nk 45L. and ftiU oppofite to the fe^- 
^ cond Station fay at 15C L45L. 

Let the Line 36 reprefent the Mearing^ which 
by Means of Water, Bryars, or any other Impedi- 
ment cannot be meafured. In this Cafe make one 
or more Stations within or without the Land, where 
the Diftances may be meafured, and draw a Line 
from the Beginning of the firft to the End of the 
lafl Diftance thus,: Make Stations at 3, 4, and 5, 
taking the Bearings, and meafuring the Diftances 
as ufual, which infert in your Field-Book, and draw 
a Mark like one Side of a Parenthefis from the third 
to the fifth Station, to fhew that a Line drawn frorh 
the third Station to the fartheft End of the fifth fta- 
tionary Line will exprefs the Mearing. Thus, . 



No. Sta. 


Deg. 


C.L. 


^ 5 


1721 ■ 


5-45 


2CX3 


13-25 


250 


3-36 



# 



Suppofe the Point p of the Mearing to be inac- 
ceflible, by Means of the Lines 6p or p^j, being 
overflowed, or that a Quarry, Fiirze, £^tr. might 
prevent you taking their Lengths : In this Cafe 
take the Bearing of the Line 67, which infert op- 
pofite 
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pofite to the fixth Station in your Field-Book with 
the other Bearings ; then diiedl the Index to the. 
Pointy, and infert its Bearing on the left Side of the 
Field-Book, oppofite to the fixth Station, annexing 
thereto the Words, Jnt. for Msaring ; and having 
meafured and inferted the Diftance 6 7, fet the In- 
dex in the Direftion of the Line 7^, and infert its 
Bearing on the left of the feventh Station of the 
Field-Book, annexing thereto the Words Int, for 
idearing • the Croffing or Interfedion of thefe two 
Bearings will determine the Point p, and of courfe 
the Mearing 6^7 is alfo determined. 

If your View will then reach to the firft Station, 
take its Bearing, ftationary Line, and OlEF-fets, as 
before, and ypu have the Field-Book complcated. 
Thus, 

The Fi ELD-Boojc. 



Jlemarks and Interfei^. 


Mo. 
Sta. 

I 


Dcg. 

?$8 


C. L. 


OFF-SETS. 


318 Int. to a Tower. 


22.12 


At 4C 25L. L iC. 






W 


^ 


^C, 40L. aii^C. L 
iC. 25L. 


931! Int. to Ditto. 


2 


297I 


21.12 


At^C.\oL:R\C.%QL, 
atioC, zcLRiC. 
it^L.ati^CAoLo. 














m 




0/ 15C. L/^^L. 


.( 


3 


ijzi 


S-45 




4 


200 


13.25 




5 


250 


336 


• 


1 ^5t Int. for Mearing 


6 


12.; 


15.1^ 


^iCtoL.LzC.ioL 


274 Int. for Mealing 


7 


io5i 


15.10 










^zL.atwC.i^L.o 




i 






aiizCz^LR^SL 



Clofe at the firft Station. 

If you would lay down a Tower, Houfe, or any 
Qther remarkable Objedl in its proper Place j from 

M m 2 any 
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any two Stations take Bcaimgs to the ObjcA, and 
their Intcrfedien wiU determine the Place where 
you are to infert it, in the Manner that the Tower 
is fet out in the Figure, froni the Interfedticms takai 
at the firft and fee^id Stations of the above Field- 
Bodc. 

A Protra(!tion of this will render all plain, oi|' 
trtiich lay off your OflWets and Interfe^ftieng, an4' 
proceed to find the Content by any of the Methods^ 
in Section the 4th. 

7^ for^cifig Field-Book may he othemvlfe kept thus : 



!,. ■ MH i Uf^ 



No. 



L. nai' T\r : 
jQfffci. 
C. L 



OCT 
QSitu 



^=; f 



RcfliariES 9pd InX^ii^&XQXi 



j 18 lat • ^0 a Towcfr 



Sta. 



231! Inufor Prtto 



1 55f Int. for Mcaring 
274 Int. for Mcaring 



( 



Qeg. 



558 



■^w 



"97* 



Qif. 
CL. 



1. 12 
1.25 



P45 



4 

S 
6 



i72i 

2QO 
250 

I2S 



105 



2.20 
232 



4-25 

7'4P 
13.00 

22-12 

r 
4.10 

10.2$ 

1500 
91.12 

5-45 
1325 

3-36 



1.20 

7-45 
11.25 

I2t2S 

i<jo] 



1.20 



0.36 



Clofe at the firft Station. 



How 
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flbui to cafi up Off-Jets by the tkn, 
Plate XL Fig. 2. 

Then irf x ida= ida, by Prob. 6j Page 18 3, 
and ^ ed X da'^eh=adeb-, by Lemma, Page %%6y 
alft) ^ yi. X eb+fc=befcy and 2fxifc=cfz ; the 
Sum or all which will be i^^c;^! » the Area con- 
tained between the ftationary Une la, ^nd the 
Mearing, i abe 2. 

bi the fame Manner you may find the Area of 
^hgz of ik^i^ as well at what is without ai^ with-* 
mode of the Stationary Line 71. 

If therefore the left Hand Oflf^fets exceed the 
right Hand ones, it is plain, the Excefs muft be 
added to the Area within the ftationary Lines, but if 
the right Hand OfF-fets exceed the left Hand ones, 
the Difference muft be deduilcd from thje faicj 
Area ; if the Ground be kept on the ri^t Hana 
as we have all along fuppofed j or in Words thus. 



7i find the Contents of Off-fpts, 

1 . From the Diftance Line, take the Diflance to 
Ae preceding Off-fet, and fiom that Diftance of 
the one preceding it, l^c. in Four-Pole Chains ; fo 
will you have the refpedi ve Diftaqces from Off-fet to 
CMF-fet, but in a retrograde Order, 

2. Multiply the laft of thefe Remainders by J 
the firft Off-fet, the next by ^ the Sum of the 

firft 



'^' 



f* 



a^-i* * _ -^ Li ■■'» 



From 11.12 = 1,2 6.50=1/ 
Take 6.go=^if 3.90= id 



4.62=2/ 2.6o=</ 



C.L. 

|rf=2.25X32L. half the firft OfF-fet= 
r^=i.65xiC.26L.5^thcSumof the |1 
gr= 2.60X I C. 5 2L. ij- the Sum of 2d & 
a/'=4.62x37U half the laft OfF-fet = 
Content of left Off-fets on the firft Di 
in Square Four-pole Chains 

In like Manner the reft are perfprn' 
The Sum of the left Hand Off-fet wiU 
A^ the Sum of the right Hand ones; 

Excefs of left Hand OfF-fets in Squ. 4P( 

Acr 
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How to find the Area of a Piece of Ground by Inter- 
fe5lions onlyy when all the Angles of the Field can 
he feen from any two Stations on the outfuk of the 
Ground. 

Plate Xn. Fig. I. 

LE T ABCDEFGA be a Field, H and I two 
Places on the out Side of it, from whence an 
Objeft at every Angle of the Field may be feen. 

Take the Bearing and Diftance between H and 
I, and fet that at the Head of your Field-Book, as 
in the annexed one. Fix your Inftrument at H, 
from whence take the Bearings of the feveral an- 
gular Points, A, B, C, D, £5?f. as they are here re- 
prefented by the Lines HA, HB, HC, HD, ^c. 
Again fix your Inftrument at I, and take Bearings 
to the fame angular Points, reprefented by the 
Lines I A, IB, IC, ID, (^c. and let the firft Bearings 
be entered in the fecond Column, and the fecond 
Bearings in the third Column of your Field-Book f 
.Then it is plain that the Points of Interfe^Stiori, made 
from the Bearings in the fecond and third Columns 
of every Line, will be the angular Points of the 
Field or the Points A, B, C,.D, ^c. which Points 
being joined by right Lines, will give the Plan 
ABCDEFGA required. 
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3ea. 
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Rea. 1 80 Dif. 28C. of the Sta. Hand I. 




No. 


Bear. 


Bear. 






A 


261^ 


23^^ 






B 


265I 


3^li 

30lt 






C 


248 






D 


23H 


289 






E 


262^ 






F 


208^ 


286^ 




m 


G 


2 20 


300 


• 



The fame may be done from any two Stations 
ivithin-fide of the Land, fiom whexice all ths An- 
gles of die Field can be feeti. 

This Method will be found ufefiil in Cafe the 
ftatioAary Diftances from iny Caufe prove inacoef- 
fible, of (hould it be reqmrod to be done by one 
Party, when the other whofe PofleffitHi it is, rdufes 
to admit you to go on the Land. 



Sofnd ihe Qmtent of a Field by CJcuLomn^ v)hich Wiif 

taken by Inter/e£Im. 

In the Triangle AlH, the Angles AHI, AIH, 
^nd the Bafe HI being known^ the Perpendicular 
A/i> and the Segments, of the Bafe Hf , yii may be 
obtained by Trigonometry : And in the (ame Man- 
ner all the other Perpendiculars B^, Cr, IH £^» 
F/, Ggj and the feveral Segments at A, c , rf, f , /, 
and g : If therefore the feveral Perpendiculars be 
fuppofed to be drawn in the Scheme (whidi ere 
' here omitted to prevent Confufion ariiing from a 
Multiplicity of I-.ines) it is plain that if from 

bBCDEeb, 
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^BCDE^Z', there be taken ^BAGF^^, the Remainder 
will be the Map ABCDEFG A. 

As before, Half the Sum of B^, and Cc, multi- 
plied by bcy will be the Area of the Trapes ium bBCc-, 
after the fame Manner, Half the Sum of Cc^ and 
Ddy multiplied by cd^ will give the Area of the Tra- 
pezium cCD4 ; and again, Half the Sum of DJ, and 
E> multiplied by de, gives the Area of the Trape- 
zium dDEj ; and the Sum of thefe three Trapezia 
will be the Area of the Figure bBCDEeb. 

Again, in the fame Manner, Half the Sum of Z'B, 
and aj4 multiplied by ab, will give the A: ea of the 
Trapezium bBAa ; and Half the Sum of a Ay and 
gGj by agj gives the Trapezium aAGg ; to thefe 
add the Trapezia gGFfy and/FE^, which are found 
in the like Manner, and you will have the Figure 
^BAGFE^Z^, and this taken from i^BCDE^*, will 
leave the Map ABCDEFG A. CL E, F. 



^•'" 



It will be fufficient to protradl this Kind of Work, 
and from the Map to determi""^ the iVrea, as well 
as in Plate X. Fig. 3.''to find the Areas of the Pieces 
34563, and 6/)76, from Geometrical Coaftrudlioas. 



How to determine the Station ivhere a Fcu^t his been 
committed in a Field- Book ^ wit hut the T'rcub^e of 
going round the whole Ground a fecmd T.me. 



From every fourth or fifth Station, if th^v be not 
very long ones, or oftner if they are, let an I : e - 
fedion be taken to any Objed, as to any particular 

N n Part 



y 
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Part of a Caftle, Houfe, or Cock of Hay, ^c. or 
if all thefe be wanting, to a long Staff with a white 
Sheet or Napkin fet thereon to render the Objedt 
more confpicuous, and let tHs be placed on the 
Summit of the Land, and let the relpedtive Inter- 
feftions fo taken be inferted on the left Hand Side 
of tjie Field-Book, oppofite to the Stations from 
whence they were relpevtively taken. 

• In your Protraftion as you proceed, let every In- 
terfedion be laid off from the refpeftive Stations 
from whence they were taken, and let thefe Lines 
be continued ; if they all converge or meet, in one 
Point we thence conclude all is right, or fo far as 
they do converge -, but if we find a Line of Inter- 
feftion to diverge or &y off from the reft, wc may 
be fure that either $l Miftake has happened between 
the Station, the foregoing Interfeftion was taken 
at, and the Station from whence the Interfeition 
Line diverges ; or there muft be an Error in the 
Interfedtion j but to be afliired in which of thefe 
the Fault is, protiadt on to the next Iinterfeftiop, 
and having fet it off, if it converges with the reft, 
tho' the foregoing one <fid not, we may conclude 
the Fault was committed in taking the laft Inter- 
fedtion but one, and none in any Station, and that 
fo far is true as is protradted ; but if this as well a$ 
the foregoing InterfeAion diverge, or fly fi-om the 
Point of Concourfe or converging Point of the reft, 
the Error muft have its Rife from fome Station or 
Stations, at or after that, from whence the laft con- 
verging Interfe6tion Line was taken ; fo that by, go- 
ing to that Station on the Ground and proceeding on 
to that where the next, or from whence the following 
diverging InterfeAion was taken we can readily and 
v/ith little Trouble fet all to Rights. 

But 
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But in mefrTradts of Land, one Objedt cannot 
be feen #ffom every Station, or from perhaps one 
fourth of them ; in this Cafe we are under the Ne- 
ceflity to move the Pole after we begin to lofe 
Sight of it to fome other Part of the Land, where 
it may be feen from as many more Stations as pof- 
fible ; which is eafily done by viewing the Mearing 
before it be furveyed : The Pole then being fixed 
in an. advantageous Place, the firft Interfedion to it 
is beft to be made from the fame Station from 
whence the laft one was taken, and then as often as 
may be thought convenient as before ; in like Man- 
ner the whole may be done by the Removal of the 
, Pole. 

When we here fpeak of Stations we do not mean 
fuch as, are ufually taken at every particular Angle 
of the Field : For it is to be apprehended, that every 
(kilfiil Surveyor, particularly fuch who ufe Calcu- 
lation, will take the longeft Diftances poflible, not 
only to leflen the Number of Stations, for the Eafe 
of either Protradtion or Calculation, but with greater 
Certainty to account for the Land pafled by, on 
the right Hand or on the left, which is taken by 
Off-fcts : And furely it will be allowed that any 
Meafure taken on the Ground and the .Content 
thence arithmetically computed, will be much more 
accurate than that which is obtained from any Geo- 
metrical Projedion. 

From what has been faid it is plain, that froiji 
this Method any Fault committed in a S\irvey c^ft 
be readily determined, and therefore muft be mudi 
preferable to the prefent Method of taking I)if* 
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gonals, or the Bearings and Lengths of Lines acrofs 
Land, to accomplifh that End ; which laft Method 
is too frequently ufed by Surveyors to approximate 
or arrive near the Content, which will ever remain 
ttticertain, let thefe Diagonals be ever fp many^ 
till the Station or Stations wherein the Error or 
Errors were committed, be found ; and the Fault or 
Faults be corredted. 

Wliere one Diagonal is taken it may perhaps clofe 
or meet with one Part of the Survey and not with 
the other ; in this Cafe, if the Surveyor would diC- 
cover his Error, he muft furvey that Part of the 
Land which did not clofe, and this may be half 
or more, of the whole. And (hould the Diagonal 
clofe with neither Part, but be too long^ or too fhort, ' 
of fhould it fall on either Side of the afBgned Point 
it was to clofe with, he ought to go over the whole, 
and make a new Survey of it in order to difcover 
his Error. 

A Number of Diagonals are frequently taken, 
the Sum of the Lengths of which very often exceeds 
the Circuit of the Ground, and after all they are 
but Approximations, and the Content remains uncer- 
tain as before ; therefore he who returns a Map, 
made up by the Afliftance of Diagonals, where there 
remains a Mifclofure in any one Part, runs the 
Rifque of being detected in an Error, and muft fuf- 
fer Uneafinefs in his Mind, as he cannot be certain 
of the Return he makes. 

The frequent Mifclofures which are botched up 
by Diagonals, occjifion the many and frequent 

fcanda- 
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icandalous Broils and Atrimofittcs between Survey- 
ors, which tend to the Lofs of Character of the 
one or the other, and indeed often to the Difre- 
pute of both, as well as to that of the Science thw- 
profefs. 

But thefe may be eafily remedied by Interfeftions,' 
and the Bearing or Line be adjufted where the Fault 
was committed, and till this be found, nothing cart- 
be certain. 



•I 
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i To enlarge or diminifh MAPS. 



H(m to enlarge or ditnmjb ^ Mapj or how to reduce a 
Map from one Scale to anther : Alfo the Manner of 
uniting feparate Maps ^ Lands which join each 
other y into one Map of any )i(figned Size. 

LA Y the Map you would enlarge, over the 
Paper on which you would enlarge it, and 
with a fine protradling Pin, prick thro* every angu- . 
lar Point of your Map, join thefe Points on your 
Paper, (laying the Map you copy before you) by 
pencilled or popped Lines, and you have the Copy 
of the Map you are to enlarge : In this Manner any 
Protraftion may be copied on Paper, VcUum, or 
Parchment for a fair Map. 

If you would enlarge a Map to a Scale whidi is 
double, or treble, or quadruple to that of the Map to 
be enlarged ; the Paper you muft provide for its En- 
largement muft be two, or three, ot four Times as 
long and broad as the Map ; for which Purpofe in 
large Things you will find it necef&ry to join feveral 
Sheets of Paper, and to cement them with white 
Wafer or Pafte, but the former is beft. 

Then pitch upon any Point in your copied Map, 
for a Center ; from whence if Diltances be taken to 
its extream Points, and thence if thofe Diftances be 
fet in a right Line with (but from) the Center, and 

thefe 
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thefe laft Points fall within your Paper, the Map 
may be encreafed on it to a Scale as large again as 
its own ; and if the like Diftances be again fct 
outwards in right Lines from the Center, and if 
thefe laft Points fall within your Paper, it will con- 
tain a Map encreafed to a Scale three Times as large 
as its own, ^c. 

Plate XII. Fig. 2. 

Let the pricked or popped Lines reprefent the 
Copy of a Down or old Survey, laid down by 
a Scale of 8q Perches to an Inch, and let it be re- 
quired to enlarge it tq one laid down by 40 to an 
Inch. 

Pitch upon your Center as ©, from whence thro* 
a lay the fiducial Edge of a tiiin Ruler, with a 
fine po'mted pair of Compafles, take the Diftance 
firom a to the Center ©, and lay it by the Ruler's 
Edge from a to A : In the like Manner take the 
Diftance from the next Station b to the Center ®, 
and lay it over in a right Line from b to B, and 
join the Points A and B by the right Line AB : In 
the like Manner fet over the Diftance from every 
Station to the Center, from that Station outwards, 
and you will have every Point to enlarge to ; the 
joining of thefe conftantly as you go on by right 
Lines, will give you the enlarged Map required. 

In taking the Diftances from every Station to 
the Center, fet one Foot of the Compaifes in the 
^ Station, and the other very lightly over the Ccn* 
tcr-Point, fo lightly as fcarcely to touch it, other- 
wife the Center-point, will become fo wide that it 
may occafion feveral Errors in the enlarged Map : 
For if you err from the exaft Center but a little, 
that Error will become double, or treble, or qua- 
druple, 
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druple, as you enlarge to a Scale that is double or 
treble or quadruple, of the given one ; therefore 
great Accuracy is required in enlaiging a Map. 

When you have done with a Statbn, give a Dafli 
with a Pen or Pencil to it, fuch as at the Station a 
and b ; by this Means you cannot be difappointed in 
miffing a Station, or in laying your Ruler over one 
Station twice. 

From what has been faid it is plain, that if a Map 
is to be enlarged to one whofe Scale is double the 
given one, that the Diftances from the refpective 
Stations to the Center, being fet over by the Ruler's 
Edge, will give the Points for the enlarged one. 
And thus may a Map be enlarged from a Scale of 
1 60 to one of 80, from one of 80 to one of 40, 
from one of 20 to one of 10 Perches to an Indi, &c. 
for to enlarge to a Scale that is double, the Number 
of Perches to an Inch for the enlarged Map muft 
be Half of thofe to an Inch for that to be enlarged : 
To enlarge to a Scale that is treble the given one, 
the Number of Perches to an Inch for the enlarged 
Map, will be one third of thofe for the other ; if to 
a Scale that is quadruple the given one, the Num- 
ber of Perches to an Inch, for the enlarged Map, 
will be one fourth of thofe for the other, 6?r. there^ 
fore if you would enlarge a Map which is laid down 
by a Scale of i to Perclies to an Inch, to one of 40 
Perches to an Inch ; the Diftance from the fevefcil 
Stations to the Center, being fet twice beyond the 
faid Stations, will m?.rk out the leveral Points re- 
quired, for thcie Points will be three Times far- 
ther from ihe Center tlun the Itationary Points of the . 
Map are. 



In the fame Manner, if you would enlarge 
Map from a Scale of 1 60, to one of 40 Perd 
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to the Center, being fet three Times beyond (aid 
Stations, will lay out the Points for your enlarged 
Map, for thefe Paints will be four Times farther 
from the Center than are the Stations of the Map. 

When a Map is enlarged to another, whofe Scale 
is double or treble, or quadruple, iSc. of the given 
one, every Line, as well as the Length and Breadth 
of the enlaigedMap will be double^ or treble, or ' 
quadruple, Qc. thofe of the given one, for it muft 
be eafy to conceive that thoie Maps are like : But 
the Area, if the Scale be double, will be four 
Times ; if treble, nine Times ; if quadruple, fix- 
teen Times that of the given Figure ; that is, it 
will contain four, nine, or fixteen Times as many 
iquare Inches as the given one (for it has been 
fliewn that like Polygons are in a duplicate Pro- 
portion with their homologous Sides.) Yet thefe 
Figures being caft up by tlieii rcfp^'^'^ive Scales^ 
will produce the fame Content. 

Tbos much is fuffident for enlarging Maps, aiKi 
from hence, dimfaiiftiing of them will be obvious; 
for one fourth, one third, or half the Diftances 
frcMn the feveral Stations to the Center, will mark 
out Points, which, if joined, will compofe a Map 
fimilar to the given c»ie, whofe Scale will be four 
Times, three Times, or twice as fmall as the given 
one. 

Thus, if we would reduce a Map from 40 to 80, 
from 20 to 40, from 10 to 20 Perches to an Inch, 
&?(:. half the Diftance of the Stations from the 
Center will give Points requifite for drawing the 
Map ; if we would reduce from 40 to 1 20, from 
20 to 60, from 10 to 30 Perches to an Inch, (Sc. 
one third of the Diftance to the Center, wiUt:ij|g6pk 
the Points for the Map : And if we would reduce 

O o from 
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from 40 to 160, from 20 to 80, from 10 to 4a 
Perches to an Inch, iSc. one fourth of the Diftan- 
ces to the Center, will give the Points for the 
Map. 

By the Methods here laid down I have induced a 
Map from a Scale of 40 to one of zo Perches to 
an Inch, which contained upwards of 1 200 Acres, 
and confided of 224 feparate Divifions, without 
the leaft Confufion from the Lines ; for none can 
arife if the Methods here laid down be ftridly ol> 
fcrved. 

I have alfo from the fame Methods reduced a 
large Book of Maps, each of which was an en- 
tire Skin of Parchment, and the whole contained 
upwards of 46000 Acres, to a Pocket Volume j 
and afterwards connedted all thefe ' Maps into one 
Map, which . was contained in one Skin of Parch- 
ment : Therefore upon the whole I do recommend 
thefe Methods for reducing Maps to be much more 
accurate than any of the Methods commonly uied» 
fuch as fquaring of Paper, ufing a Parallelogram, 
proportional Compafles, or any other Method 1 ever 
met with, though the Figures to be reduced were 
ever fo numerous, irregulr, or complicated 

How to unite feparate . Maps of Lands which 
join each other y into one Map of any of* 
figmd Size. 

If there be feveral large Maps contained in a 
Book, each of which fuppofe to take up a Skin 
of Parchment, or a Sheet of the largeft Paper ; 
which Maps of Lands join each other ; and it be 
► required to reduce them to fp fmall a Scale, that 
all of them when joined together may be contained 

in 
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in one Skin, half a Skin, or any affigned fized 
Piece of Parchment, or Paper. 

Having pricked off and copied the feveral Maps 
on any Kind of Paper, unite them by cutting with 
Sciffars along the Edge of one Mea'ring which is 
adjoining the other, but not cutting by the Edge 
of both, and throw afid^ the Parts cut off; then lay 
thefe tojgether on a large Table, or on the Floor, 
and where the Mearings agree, they will fit in with 
each other as Indentures do ; and after thi3 man- 
ner they are eafily connected : Meafure then the 
Length and Breadth of the entire connefted Maps, 
and the Length and Breadth of the Parchment or 
Paper you are confined to : if the former be three 
four, or five Times greater, (that is longer and 
broader) than the latter, reduce each copied Map 
feverally to a Scale th^t is three, or four, or five 
Time3 lefs, as before ; and the feme Parts of the 
Mearings you cut by In the large Maps, by the 
fame you muft alfo cut in fmall ones, and unite 
the fmall as the large ones were united ; cementing 
them together with white Wafer : Thus will your 
Map be reduced to the affigned Size, which copy 
over fair, on the Parchment, or Paper you were 
confined to. 

But it is not always that a Perfon is confined to 
a given Area of Parchment, or Paper ; in fuch 
Cafes, if there are many large Maps to be united 
into one, reduce each of them feverally to a Scale 
of 160 Perches to an Inch, and unite thofe by the 
Contiguity of Mearings as before : Or if you have 
a few, it will be fufficient to reduce them to a-Scale 
of 120, (C5?6\ But having the Maps given, and 
the Scale by which they are laid down, your Rea- 
fon will be fufficient to diredt you to know, what 
3cale they (hould be reduced to, ^. 

O o 2 How 
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How to trace LANDS from 
the Down, or any other 
Survey- 



IN the Surveyor-General of Laud's Office (which 
is now kept in the fame BuilcUng with the Ord- 
nance-Oftice, in the lower Caftk-Tardj Dublin) are 
kept what is called the Down Surveys, or Surveys 
of moft of the forfeited Lands ta this Kingdoni. 
Thefe Surveys were done \Hider the Diredtion of 
Sir PVilliam Petty ^ Bart, then Surveyor-General of 
Lands, and afterwards Earl of Shdburm about thq 
Year 1641 ; there was a Surveyor previous to this, 
called the Civil Survey, or one by Eftimation ; and 
becaufe the latter of thefe was laid down by Maps 
on Paper, it thence got the Name of th? Down 
Survey. 

About forty Years ago the Treafury-Officc in 
EffeX'Street^ where the Sufveyor-Gerieiars Office was 
aJfo then kept, wajs burnt ; arid thoi^h moft of 
the Down Surveys were faved, yet fome were con^ 
fumed, and this is the Reafon that the Surveys of 
all the forfeited Lands are not to be had at the Sur- 
veyor-General's Office ; but Sir Thomas ^cqhr^ Bart. 
has a fair and true Copy of all the Down Surveys 
of the forfeited Lands, which often proves of great 
Ufe tp Gentlemen ; thopgh the Down Surveys 

only. 
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only, are thofe allowed by the Laws of the Land to 
be final and decifive. 

It will not here be unneceflary to obferve^ that 
6s, Sd, is to be paid for the Copy of every Deno- 
mination, but nothing for a Search, if it be found ; 
otherwife 5s. is to be paid for the Search, if the 
Denomination cannot be found, that is, if it were 
not forfeited or burnt. 

The Differences generally arifing about Lands 
wherein Down Surveys are found necel&ry, are for 
the mcfft Part of this, or the like Nature. 

A, who refides in the Country upon his own EC* 
tate, takes Lands contiguous thereto from B, who 
refides in the City or far from his Eftate, and who 
perhaps never few it. A in fome Time defaces 
the contiguous Mearings, and runs others within-- 
fide of B's Ground, fometimes nearly fimilar, and 
parallel to the defaced Mearing. At the Expira- 
tion of the Leaie, A, or his Heir, (who may be in- 
nocent of the Matter,) deliveis to B, or his Heir, the 
Lands according to the new run Mearings ', but the 
latter by a Survey he caufes to be made, in order to 
fct it to a new Tenant, finds his Land widely de^- 
tive of the Number of Acres demiied to A, which 
alarms him ; and upon applying to A, without 
finding any Redrefs, a L^w-Suit is commenced, and 
the Court orders a Trace to be run from the Lanes 
of the Down Survey : If it is to be had, this readily 
difcovers the Fraud, if not, the Matter is determin- 
ed by the Evidences of the oldeft Perfons of honeft 
Repute in the Neighbourhood. 

The beft Way to avoid all future Dilputes con- 
cerning Lands, i? to have the Lands Surveyed be- 
fore 
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£bre fet, and to annex Maps thereof to the Leafes. 
If afterwards the Mcarings fliould be defaced or 
changed, or any Difpute ftiould arife concerrfbg 
them ; the Map tQ the Leafe may be eafily traced^ 
and the Difference eafily reconciled. 

A Down Survey is tbur^aced. 

Take a Survey of the Land, as it is (hewn you 
by the beft Information you can receive, and make 
9 ProtraAion thereof upon parallel Paper, by a Scale 
of 40 Perches to an Inch* 

Then enlarge your Down Survey to a Scale of 
40 as before, (provided it be not already laid down 
by thfit Scale, but they arc oftner laid down by a 
Scale of 80, of 120, and fometimes of 160 Perch^ 
es to an Inch) for it is not fafe to enlarge the Down 
Survey from any fmall Scale to one larger than 40, 
becaufe the Errors of the Diftances from the fla- 
tionary Points if ever fo minute, will be thereby 
much encreafed. 

I cannot omit here to obferve, that fomein order 
to enlarge the Down Survey, have pricked it off on 
Pacallel Paper, and after drawing the Map thereon, 
have (by producing every Difiance Line) found 
their Bearings, and by meafuring the Lines from 
the given Saile, have formed a Field-Book : And 
after all this Trouble, when they have protra£bed 
it to the affigned Scale, all was wrong, for it wouM 
not meet or clofe : Of this I have feen many In- 
itances ; yet the Surveyor would make it do, as 
Nfifclofures are many Times forced to do ; the Con- 
fequence of either, the moft unlkilful Surveyor can- 
not be ignorant of. 

Let 
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Let the Enkrgement you make of the Down Sur-^ 
vey to the like Scale of your Protradlion, be upon 
the thinneft Paper you can get, which rub over 
with any Kind of Oil, to make it tranfparent, but 
wipe off the Oil that it may not fmeer the Protrac- 
tion. , If Oil of Turpentine can be readily had, it 
will do beft, becaufe it won't fmeer ; but in Caies 
of Extremity, Butter turned to Oil will do. 

Then apply your oiled Map, or Enlargement of 
the Down Survey,^ upon your protradted Map, and 
you will readily fee whk^ Points of the one will 
coincide with thofe of th^ other ; and when you 
have brought the greateft Number of Points in 
each to agree that is poffible, the Maps are then 
applied to the greateft Advantage : See then 
where the Lines of the Down Survey run within 
or without thofe of your Protradion, and prick 
them on it ; and to diftinguilh them from the black 
. Lines of the Protraction, let them be drawn in red 
Ink, or popped. 

Produce every ftationary Line of the Down Sur- 
vey, for every red, or popped Line) forwards, that 
runs within or without Side of the Protradion ;, 
then if the Center of your Protradtor be applied to 
every ftationary Point of fuch continued Lines, and 
your Protradtor be kept Parallel to the Parallels of. 
Meridians on the Protraftions ; the Continuation d£ 
every ftationary Line,' will point out on the Pro- 
tradtor's Edge, the Degree of Bearing of fuch Lines : 
If thefe Bearings be inferted in a Field Book, at 
well as the Lengths of the feveral ftationary Lines, 
(which are eafily obtained by meafuring them from 
the Scale by which they were laid down,) that Field- 
Book will diredl your Trace. 

Iking 
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Being thus prepared, go to the Ground and fet 
up your Inftrument at the firft Station of faid 
Field-Book, and turn the Inftniment about till yoii 
make the Needle (if you uie a Circumferentor) 
point to the firft Bearing in your Field-Book : (or 
if you ufe a Theodolite let it North and South by 
the Needle, and bring the Index to cut the &id 
Degree or Bearing) : Let the Inftrument fiand ia 
this Diredion, till you fend forth fome Perlbn to a 
Diftance, greater if poflible than the affigned one, 
or that of your ftationary Line ; then look through 
the Sights which govern the DiredlicMi, and waft 
your Hat to one or to the other Side as a Token 
to the Perfon you fent forward to fland more to the 
right or to the left, and continue to give the Signal 
till you have him in the Diiedion of the Sights, and 
then put on your Hat as a Signal to him that he 
is in the true Diredtion ; there iet him continue till 
you have meafured the ftationary Line in your Field- 
Book towards him, and at the End thereof caufe 
a large Hole to be dug, or a Stake to be driven,^ 
and your firft Line is traced. 

In like Manner proceed to trace every Diftance 
Line, cauling a large Hole to be made, or a Stake 
to be driven, or both, at every Station ; till you 
have laid out and traced all your Field Notes : And 
when Lines, or Ditches, are run from oiie Hole, or 
Stake to another, they will be the true Mearings, 
' or Boundaries of the Land. 

The Area comprehended between the popped, or 
red Lines, and the black ones of your rrotiadtion^ 
will be what is gained or loft. 

This is tiie beft Method of tracing D6wn Sur- 
veys ; and it is plain, that tie lame or a like Ap- 
plication may be made of any Survey whatfocver, 
fo as to run a Trace thereof. 
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And how to jmi it by Amplitudes or Azimuths of 

the Sun. 

I . T T was before obferved, that the Needle does 
J[ not point truly to the North or South Points 
of the Horizon : The Number of Degrees there- 
fore, that the Points of the Needle, are from the 
North or South Pomts of the Horizon, is called the 
Variation of the Needle y or Cotripafs. 

This Variation differs ^.H-^lvin many Places; for 
in fome, the Needle will point leveral Degrees on 
the Weft Side of the North ; at others there will 
be little or no Variation, and again, at others it will 
point feveral Degrees on the Eaft Side ; in the fame 
Place it differs fenfibly in a few Years : The true 
Caufe or Theory of which, has not hitherto been 
difcovered or explained for Want of a fufficient 
Number of Ol?fervations. 

2. The Globe of the Earth revolves round its 
Axis in twenty-four Hours from Weft to Eaft, and 
hence^ll Celeftial Bodies feem to move from Eaft 
to Weft. 

3. The Extremities of the Axis arc called the 
Poles ; the one the Ncwrth or Arctic ^ and the other 
the South or Antarctic. And if the Axis be pro- 
duced to the Heavens, it will point out the Celeftial 

Poles, 

Pp 4.1f 
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4. If a Circle be fuppofed to pafs round the 
Globe of the Earth, fo as to be equidiftant from 
each Pole, it is called the Equator ^ or Equifioilial 
LinCy and by fome the Line only. 

And if the Plane of the Equator be produced to 
the Heavens, it will lay out the Cekftid Equator. 

5. 734^ Latitude cf any Place^ is its neareft Dif- 
tance to, and counted from the Equator in Degrees 
and Minutes ; and is North or South as it lies on 
the North or South Side of the Equator. 

6. The Poles are 90 Degrees from the Equator ; 
therefore the Omplement of the Latitude cf any Hact^ 
is the Latitude taken from 90 Degrees, or the IXf- 
tance of the Place from its neareft Pole. 

7. 7/^ Declination of the Sun^ is the neareft IXf- 
tance thereof from the celeftial Equator counted in 
Degrees and Minutes ; and is Nortfi or South, as it 
lies on the North or South Side of the Equator. 

8. The Sun's Declination taken from 90, leaves 
the Complement thereof; or its Diftancc from the 
neareft celeftial Pole. 

9. ^The Sun's Altitude^ is the Number of Degrees 
and Minutes tl^fe^un is above the Horizon, and is 
cafily found by a Quadrant as before. 

10. What the Sun's Altitude wants of 90, or 
the Sun's Diftance from the Zenith or Point of the 
Heavens perpendicularly over you, is the Qmr^e- 
mnt of the Altitude, 

II. TV 
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ii. "The Magnetical Amplitude, is the Complement 
c\the Sun's Bearing at Rifmg or Setting, taken by 
th*^j|puarter*d-Compafs j or it is the Number of De- 
gree-, the Sun is from the Eaft or Weft Point of the 
Compafs, at Riling or Setting. 

12. 75^ 'True Amplitude is the Complement of 
Degrees the Sun would rife or fet on if the Com - 
pafs did not vary ; or it is the Number of Degrees 
the Sun is from the Eaft or Weft Point of the Ho- 
rizon, at Rifmg or Setting ; and this true Ampli- 
tude .is always North, if the Sun's Declination be 
North, or South if the Sun's Declination be South. 



To find the Variation by the Amplitudes. 



Having the Latitude of the Place, and the Sun's 
Declination given, the true Amplitude is found by 
^hi|5 Al^rongmic^l Proportion, viz. 

As tfie Co-fine or Sine Coptplement of the Latitude, 
Is to the Sine of the Sun's Declination, 

So is Radius 

■ > _^ ■ * . 

To the Sine of the True Amplitude. 

Then if bqth Amplitudes be North, or both 
South, their Difference is the X^'ariation, but if one 
be North and the other Souths their Sum is th^ 
Variation. 

To know whetf}er the Variation be Eafierly or 
■> fVeJierly. 

Let the Obferver turn his Face to the Sun, then 
if the true Amplitude be to the right Hand of the • 

P p ^ magne- 
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magnetical one, the Variation is Eafterly, \mt if 
to the left, Wefterly/ 

Example I. 

On the 17th Day of May 1752, the Sun's Bear- 
ing at Rifing, being NE 71'', in the Latitude 
53**. 20* N. required the true Amplitude, and the 
Variation of the Needle. 

Becaufe the annexed Table is for the New-Stiky 
-which is 1 1 Days before the Old ; we find the Sun's 
Declination for the 28th of May in the Leap Year 
(for this Table does not take Place before 1753) 
to be 21^34^ N. 

1 

After the fame Manner tb« Table may fervc 

.till 1753. 

To find the true Amplitude. 

As the Co-fine of the Latitude 36'*.40^ 9-77609 
Is to the Sine of the Declination 21°. 34 N 9*565^6 

Radius 90.00 10.00000 

To the Sine of the true Ampl. 38.00 N ^.^^gVj 



90**— 7 1^=19^ the Mag. Amp, from the E^, 

True Amplitude E 38^00^ N forthcPccl.is N, 
Magnetical Ampl. E 1 9.00 N 

Variation 19.00 W becaufe the true 

Amplitude is to the left of the magnetical. * 

Exam-* 
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e^- Exam p l e II. 

Suppofe the Sun's true Amplitude is found to be 
\V 42^.00^ S. and the magnetical Amplitude W. 23. 
00 S. the Sun's Bearing at fetting being SW. 67% 
Required the Variation. 

■ * 

90'' — 67^^23° the magnetical Amplitude from 
the Weft. ^" 

True Amplitude W 42^oo^ S 

Magnetical Amplitude W 23 .00 S 

Variation 19.00 W 



In this Cafe alfo the true Amplitude is to the left 
of the magnetical ; and therefore the Variation i« 
wefterly. 

Example HI. 

Sun's Bearing at Rifing being SE ')^^^^ and th? 
true Amplitude being found to beE 10. 12* N. Re- 
quired the Variation. ^ 

90"^ — iTh'^^'^^'h the magnetical Amplitude 
from the Eaft. 

True Amplitude ' E \&\i> N 

Magnetical Amplitude S 12.30 S 

Variation 22.42 W 



The true Amplitude being ftill to the left, the 
Variation is wefterly* 

E X AM- 
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E X A M p L E rv. 4Mb 

Sun's Bearing at Setting is SW 8i/*^, add the 
true Amplitude is found to be W 6**. i6*. N.. Rcr^ 
quired the Variation. 

90** — 8i^5^=8**5-theiTiagneticaI Amplitude froni 
the Weft. 

True Amplitude W 6^i6^ N 

M^gnetical Amplitude W 8 .30 S 

Variation 14.46 E 
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The true Amplitude being to the right of the 
magnptical, the Variation is cafterly, 

2. 3^ find the Fariatim by ATimuths. 

13. The Surd's magnetical Azimuth is the Bear- 
ing thereof at any Time of the Day, taken by the 
Quarter'd-Q)mpafs ; that is counted fronx the 
North or South towards the Eaft or Weft Points of 
th^Box. 

1 4. The Sun's true Azimuth is the Point of the 
Compafs it would bear from you upon, if there 
was no Variation ; or it is the Diftance intercepted 
between the North or South Points of the Horizon, 
and a vertical Circle, or Circle drawn from the Ze- 
nith through the Sun to the Horizon. 

Having the Latitude of the Place, the $un's 
Declination, and its Altitude given, the true Azi- 
muth is obtained by the following aftronomical 
Proportions. 

I. As 
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1, As the tangent cf half the Qmplement of the 
Latitude 

Is to the tangent of half the Sum of the Dif- 
tance^ the Sun from the Pole^ and Complement of the 
yStitude^ 

So is the Tangent of lialf the Difference between the 
Dijiance of the Sun from the P6le^ and Qmtplement of 
the Altitude, 

^0 the Tangent of a fourth Arc. 

Add this fourth Arc and Half the Complement 
of the Latitude together, their Sum will give a fifth 
Arc ; from which if the Complement of the Lati- 
tude be taken, the Remainder will give a fixth 
Arc. Then fay, 

As Radius 

Is to the Tangent of the Altitude^ 

So is the Tangent of the Jixth Arc 

To the Ghfine of the Sun's true Azimutlu 

Which is counted from the North or South to the 
Eaft or Weft, according to the Sun's Situation at 
the Time and Place of Obfervation. 

If the Latitude of the Place and the Sun's De- 
clination are both North or both South, the De- 
clination taken from 90^, gives -the Sun's Dif- 
tance from the Pole ; but if one be North and the 
other South, the Declination added to 90° will give 
the Sun's Diftauce from that Pole which is neareft 
the Obfervcr. • 

If both Azimuths are Eaft or Weft, their Diffe- 
rence is the Variation, but if one be Eaft, and the 
other Weft, their Sum is the Variation. 

T9 
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To kmw whether ibe Vari^fm h Eqft^Jy or 

JVefterlj. 

Juft as with the AmpHtuckifc Jet the Qhfbvcr-^ 
Face be turned to the Sun ; then if the true A^muth 
be to tbe^ right Ha,nd of the m^gnetkal ooe, the Va- 
tiatioft U EflS^rly,. but if to the left ,. Wefterly. 



E X A M P L E I. 

In the Latitude 53^ 20^ N, the Sun's Declination 
being i9*'.03^ N, I find by ObfcrvatioA the Sun*s Al- 
titjxteto be 37"*. 30^ aiviits Magnetical Azimuth to 
beSE 5I^ Reqmred the Variation. 

90'* — 53^20^=36^.40^ the Ctompt. of the Uftitude* 

1 8 . 20, ^ the Compt. of the Latitude 
90^— 37^.30^=5^^-30^ the Compt of 
the Altitude. 

90^ — 1 9^ .03^ =70°. 57* the Sun*e EHf. from the Pole 

52. 3Q Compt. of the Altitude 

123.27 Sum 

61.43 Half Sum 

18.27 Difference 

9.13 Half Difference 



As 



> • - 
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As the Tangent of ^ the 7 ^ g, ^^,_^ o r2on 
Comp. of the Latitude, > ' yo ^ 

Is to the Tangent of \ the! 

Sum of Ae Diftance of the/ /:, , ^ ,^ «/:^tA 

Sun from tlie Pole and Com- r ^^' 43-XO.26916 

plement of the Altitude, j 
: : Tang.of^ their Difference 9. 13— 9.21022 

1947938 

To Tangent of a 4th Arc. 42. 18-- 995907 



Half the Comp. of the latitude 18". 20* 

The 4th Arc 42. 18 

Their Sum is the 5tli Arc 60. 38 

Complement of the Lat. fubtra£t 36. 40 

Gives the 6th Arc 23. 58 



mmmi*' 



As Radius 90^.00^ — 10.00000 

Is to the Tang, of the Alt. 37. 30 — 9.88498 

: : Tangent of the 6th Arc 23.58—0.64790 

Co-fine of the Sun's true Azim. 70. 04 — 9.53288 



True Azimuth S 70^.04* E 

Magnetical Azimuth S 51.00 E 

Variation 19. 04 W 

The true Azimuth being to the left of the mag- 
netical one, the Variation is wefterly. 

Q^q E X A M- 



*g- ^ 



z^i fhe Variatm of the Cofr^a/s. 

i-C Example II. 

_• 

Suppofe the Sun's true Azimuth N 8 2°. 20* E, 
but the magnetical one N 70''. 30^ E. Required 
the Variation. 

True Azimuth N 83^20^ E 

Magnetical Azimuth N 70. 39, E 

Variation 12-50 E 

, The true Azimuth being to the right of the 
magnetical one, the Variation in eafterJy. 

E X A M P L E III. 

Suppofe the Sun's true Azimuth were S 37®. 
15^ W. and the magnetical one S 44^.20^ W. Re- 
quired the Variation. 

True Amplitude S 37^I5* W 

Magnetical Azimuth S 44. 20 W 

Variation 6. 05 W 



Tlie true Azimuth being to the left of the mag- 
netical one, the Variation is wefterly. 

Example IV. 

Suppofe the Sun*s true Azimuth be S 4^ .05^ W, 
and the magnetical one S 3^.30^ E. Required the 
Variation. 

True 
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' True Azimuth S 4?.95^ W 

Magnetical Azimuth S 3. 30 E 

Variation 7 .35 E 

The true Azimuth being to the right of the Mag- 
aetical, the Variation is Eafterly. 

The Variation of the Compafs was firft obferved 
at London^ in the Year 1580, to be one Point of 
the Compafs Eafterly, or 11^.15^ E, after which 
Time it became lefs; for in the Year 1622 it was 
6°.oo E, in 1634 it was 4^.05 E, and fo continued 
to decreafe til) the Needle coincided with the true 
Meridian, and then there was no Variation ; after 
which the Variation became Wefierly, and has ever 
fince increafed to the Weftward : for in the Year 
1672 it was 2°.30^ W ; in the Year 1J5.83 it was 
4^.30^ W at London ; in 1 722 it was at Dublin found 
to be 1 1 ^. 1 5^ W, and in 1 751 it was there found to 
be 19^.00 W ; but how far it will continue to move 
more Wefterly, Time and Obfervations will pro- 
bably be the Means to difeover. 

At Paris in 1640, the Variation was 3^)0^ E; 
in 1666 there was no Variation; but in 1681 it wa§ 
Sl^.30 W, and ftill continues to go on Wefterly. 



How to draw a true Meridian Une to a Aiap fjuiving 
the Variation and Magnetical Meridian given. 

On any Magnetical Meridian or Parallel, upcm 
which your Map is protrafted, fet off" an Angle from 
the North towards the Eaft, equal to the Degree 
or Quantity of Variation, if it be Wefterly, orTrom 

Q^q 2 the* 



Soo Sh yariatm tf the Gmpafs. 

the North towards the Weft if it be eafterly, and 
the Line whidi conftitutes fudi an Angle with the 
Magneiical Meridian, will be a true Meridian Line. 

For if the Variation be wefterly, the Magnetical 
Meridian will be the Quantity or Variation of the 
Weft Side of the true Meridian, but if Eafterly on 
the Eaft Side, therefiDre the true Meridian muft be 
a like Qyantity on the Eaft Side of the Magnetical 
One, when the Variation is wefterly, and on the 
Weft Side when it is eaflsrly. 

:How to lay out a true Meridian line hy the Grcum- 

ferentor. . 

If the Variation be wefterly, turn the Box about 
till the North of the Needle points as many De- 
grees froiii the Fkvocr-de'-Luce towards the Eaft of 
the Box, or till the South of the Needle points the 
like Number of Degrees from the South towards 
the Weft, as are the Number of Djegrees contjuned 
in the Variation, and the Index will be then due 
North and South ; therefore if a Line be ftn^k out 
in the Direction thereof, it will be a true Meridian 
Line. 

If the Variation was eafterly, let the North of 
the Needle point as many Degrees from the Fbwer.^ 
de-Luce towards the Weft of the Box, or let the 
South of the Needle point as many Degrees towards 
the Eaft, as are the Number of Degrees contained 
in the Variation, and then the North and South of 
the Box, will coincide with the North and South 
Points of the Horizon, and confequently a Line 
being laid put by the Direction of the Index will be 
a true Meridian Line. 

This 
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Ttts will be found to be veiy \&Sx\ in felting an 
Hori2ontal Dial ; for if you lay the Edge of the In- 
dex by the Bafe of the Stile of the^ Dial, and keep 
the angular Point of the Stile towards the South of 
the Box, and allow the Variation as before, the Dial 
will then be due North and South, and in its proper 
Situation ; provided the Plane upon which it is fixed 
be duly horizontal, and the Sun be South at Noon ; 
but in Places where it is North at Noon, the An- 
gular Point of the Index nauft be turned to the 
North. 

How Maps may be traced by the Help of a true Me- 

ridian Une. 

If all Maps had a true Meridiin Line laid out 
tqpon them, it would be eafy by producing it, and 
drawing Parallels, to make out Field Notes ; and by- 
knowing the Variation, and allowiiig it upon every 
Bearing and having the Diftances, you would have 
Notes lufficient for a Trace. But a true Meridian 
Line is feldom to be met with, therefore we are 
cbUged to have Recourfe to the foregoing Method. 
It is therefore advifeable to lay out a true Meridian 
line upon every Map. 



J TABLE 
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A TABLE of the Suris DecUnathtt. 



For the Years 17153, *757i 


» 1 761. I76';, 17^' »773- 1 


Jan. 


Feb 


March 


April 


May 


June 


• 




s. 


s. 


N 


N. 


N. 


to 


a 














Q 


4 


i 


1 


1 


1 


1 


1 


4 


22.43 


1608 


■ 1 ■ ■ 

S 6.19 


5.48 


1603 


22.29 


8 


22.13 


14.^4 


4.46 


7.18 


17.10 


22.54 


8 


12 


2>-37 


13.36 


3«2 


8.47 


18.U 


23.12 


12 


16 


-2054 


12.14 


»-37 


1013 


19.10 


23.23 


16 


20 


20.04 


10.49 


Q.Q3 


11.36 


20.03 


23.29 


20 


24 


19.09 


9.21 


N 1.32 


12.57 


20.49 


23.27 


H 


28 


1808 


7-5< 


3.06 


14.14 


21.31 

■ 


23.19 


28 

I— 


For the Yi 


ears 17^4* 1758, 


176a, 1766, 1770, 1774. 1 


4 


2245 


16.13 


S 6.25 


5-4? 


15.58 


22.27 


4 


8 


22-i6 


14.58 


4.$2 


7*3 


'7'^S 


*»-S3 


8 


12 


21.39 


13.40 


318 


8.41 


18.08 


23.11 


12 


i6 


20. s 7 


12.19 


»-43 


10.08 


19.06 


^3-23 


16 


20 


20.07 


10.54 


0.09 


II. 31 


«9-^9 


23.29 


2C 


24 


19.12 


926 


N 1.26 


12.5a 


20.47 


23.27 


24 


28 


18. 11 


7.54 300 


14.09! 2129 


23.20 


28 


For the \ 


Vars 1755, «759^ 


• 1763' 1767' »' 


nu ^11%' 1 


4 


22.46 


16. 17 


S 631 


5-34 


'5-S4 


22.26 


4 


8 


22. 17 


'503 


4.58 


7.07 


17.02 


22.51 


H. 


12 


214;^ 


13-4S 


3-*4 


8.36 


18.05 


23.10 


12 


16 


2CS9 


12.24 


1.49 


10.03 


19.03 


2323 


J6 


20 


2010 


10.59 


014 


11.27 


19.56 


23.28 


20 


24 


19.16 


. 9-32 


N 1.20 


12.47 


20.44 


23.28 


24 


28 


1815 


8.02 


2.54 


14.05 


2166 


23 21 


28 


For the Y 


eais 1756, 1760, 


1764, 1768, 17 


72, i77< 


5. 


4 


2248 


16.21 


S 6.13 


5-54 


16.07 


22.31 


4 


^ h 


22. 20 


1508 


4.40 


7.24 


17.14 


2255 


8 


I / 


21.44 


>3S- 


3 06 


8.53 


1816 


^3-^3 


12 


K 


21.02 


1229 


VT ''^' 


10 10 


19.14 


2324 


16 


20 


20.1 4 


i 1-04 


N 003 


11.42 


2006 


2329 


20 


24 


19.1C 


9-3" 


1.38 


13.02 


20.52 


2327 


24 


28 


18. 19 


..808 


3 12 


14.IC 


ai.34 


23.18 


28 














P 


*^^ 
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Each being the firft Year after Leap-Year. | 


. J"'y 


Aupuft 


Sep,. 


Otlob, 


Nov. 


Dec. 




£. N. 




N. 


s. 


S. 


S. 

















n 




















1 


1 




4 "5S 


17.15 


N 7.01) 


4.261 15.29 


2i.20 


4 


8 2Z30 


1 6.0c 




5.58' 1641 


22.4« 






■4-sa 


4.08 


7 3" 


17,48 


23.0s 


la 


.6 2,.Z3 


:rt^ 


2 35 


»-K 


ib.Si 


23.23 




lo ao.41 




10.27 


19.48 


23.2s 


ao 


H '9S3 


11.05 


S 0.32 


11.52 


- 20.39 


23.27 


24 


iS 1900 


9.41 


a.o6 


13.14 


21.24 


..n 


Each 


being (he fecond Ye»r after Leap. 


4 "-56 


17.19 


N714 


4.20 


IS-25 


12 17 


4 


8 42-31 


ib.,. 


S-44 


!S3 


"6.17 


23.46 


J 


12 22.02 


15.02 


413 


7.2^ 


17-44 


23.0S 




.6 2i.a6 


.,.,8 


».4i 


8.54 


.8.47 




If 


io 20 44 


12.31 


1.07 




19.45 


23- »e 


2C 


H >9-S7 






11.47 


20.36 


23a7 


14 


»8 1904 


9.46 


100 


.3.09 


21.22 


33.19 


2I 


Eac 


being the third Year after Leap- 


fear. 




4 "S? 


17.23 


N. ,.20 


4.15 


16.33 


22.16 


4 


8 22.34 


16.17 


SS» 


5 47 


22.45 




12 22.04 


15.07 


4.19 


7.15 


17-41 


4j.o; 


11 


16 ai 28 


'3S> 


2.46 




.8.4= 


23.21 


If 


zo Z0.46 


12.16 


''3 




'9-4' 


21.ai 


2C 


24 30.01 


11.15 




11.42 


20.33 


2328 




18 19-07 


9-35 


1.54 


1304 


21.19 


a3-w 


28 


Each being Leap- Year. | 


4 "54 


17,8 


N 7 oj 4.32 


1V34 


22-22 




8 22.2s 


16.0, 


5 33 6.05 


,6.46 




t 


12 31.58 


I4S3 


401 7.36 


'7-53 


23.10 






■3J'i 


2.29 9»S 




2323 


1( 


20 10.38 


la.ai 


0.55 10.33 


19.52 




2t 


24 19.50 


10.59 


S 0.38 .1.58 




23.27 






,9-3! 




21.27 


23.17 


18 
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To reduce one MEASURE 

to another. 



T R B. h 

To reduce Jrijh to Englijb Acres^ and the 

contrary. 

IT is plain, that if any PWcel of Grofiind be 
meafured by Chains of different Lengths,: that 
the Figures conftru£led frotn thefe different Mea* 
fures will be unequal, but like to each other ; afid 
therefore fueh Fieures will be in a Duplicate Pro- 
portion to their homologous Sides, by Theo. 23. 
Sedt. I. 

Let (in Plate 2. Fig. 6.) abcde be a Map of Ground 
that was meafured by an Irijb or Plantation Chain, 
and ABCDE be another of the fame Ground that 
was meafured ^y an Englijb or Statute Chain ; if 
the Line ab in the firft be 1 1 Iri/h Perches, the Line 
AB in the other will be i^ Englijb ones; for it has 
been already (hewn in Page 135, that 11 /r/^ Per- 
ches are equal in Length to 1 4 Englijb ones. Whence 
it is plain that. 

^ ^ I.// 



.1 .. .-..J.-' 



To reduce one Meafure to another. 305 

1, If you would reduce Irijb Acres to EngHJb onesj 
it wiU be 

Asthe Square of II J Qri2i,; 
Is to the Area in IriJb Acres y 
: : The Square of 14 or 196, 
To the Area in EngUfh Acres. 

2. And if you "would Yeduce Englijb Acres tg Irijb^ 
onesy it will be 

As the Square of 14, or 196, 
Is to the Area in Englijb Acres y 
;: The Square of iiy or iziy 
To the Area in IriJb Acres. 

Example I. 

A. R. P. 

Reduce 246. 3. 14 Plantation Meafure to Statute 
Meafure 4 



«i "J * 



987 
39494 



R r 121: 



^ il 



■# 



9. 

121 : 39494 : : 196 
196 



236964 
355446 

39494 ««» 

A. R. P. 



i2i)774<^24(63973(S99- 3- »S- 
4P0 1597 



1178 1573 

892 40)133(3!^ 

454 «3(P- 



91 



Anfw^ 339A. 3R. 13P. Stitote Meafare; ^ 



EXAMPLK 



* • 



^ 

Exam ^'l e II. 

A. R. P. 

Reduce 416. flu 14 Stat Meafurc! to Plantation 
Meafure 4 



4- 



1*1 



1666 

66654 



9. . 

195 : 6665^ : : ; i a i 

121 



66654 
133308 
666 g^ 160 

A. ^ P. 



156)8065134(41148(257. a z9. 



# 225 914 



m^m 



291 1 148 



953 28 (P. 



1694 
126 



Anfwer 257A. oR. 28P. Plantation Meafure. 

Rr2 - PROBi 



5o8 "Jo reduce one Meafure to amther. 

PRO B. li. 

How to reduce Plantation Meafure to Cumngham 

Meafure^ and the contrary. 

Since 7 Yards or 28 Quarters make an Irifli, and 
6\ Yards or 25 Quarters a Cuningham Perch ; 
therefore 25 Irilh Perches, are equal Length to 
28 Cuningham ones : For 25 x 28*= the Quarters 
in 25 Irifh Perches, will be = 28 X 25, the Quar- 
ters in 28 Cuningham Perches. Then as before 

1 . If you vmdd reduce Irijb Acres to Cuningham ones 
it will be . : : 

As the Square of 25, or62'5' 
Is to the Area in Irifh Acres ^ 
: : 7y^ Square of 28, ,or 784, 
To the Area in Cuningham Acres. 

2. If you would reduce Cuningham Acres to Irtfb 
enesyitwillbe 

As the Square of 28, <?r 784, 
Is to the Area in Cuningham Acres ^ 
: : T'he Square of 25, or 625,' 
To the Area in Irifh Acres, 

Example I. 



A. R. P. 

In 3 2 1 . 3. 20. Irifh, how many Cuningham Acres ? 

A. R. P. 

321. 3. 2o.=5i5oo 

625 



fo reduce one Meafure to another. 309. 

P. P. 

625 : 51500 : : 784 : 6460a 

P. A. R. P. 

64602=403. 3. 02 Anfwer, 

Example II. 

A. R. P. 
In 403. 3. 02 of Cuningham Meafure, how 
many Irifli Acres ? ' - 

A. R. P. P. 

403. 3. 02=64602 

P. P. 

784 : 64602 : : 625 : 51500 , 

P. A. R. P. 

51500 = 321. 3. 20 Anfwen 
PROS. m. 

How to reduce Statute Meafure into fVbodlani Ideafure^ 

and the contrary. 

• 
Since 5^ Yards or 1 1 half Yards make a Sta- 
tute Perch, and 6 Yards or 1 2 half Yards, one of 
Woodland Meafure ^ therefore 1 2 Perches of Sta- 
tute Meafure will be equal in Length to 11 of 
Woodland Meafure. Then 

ft 

I, If you 'Would reduce Statute Acres to thofe of 
Woodland^ it will be 

As the Square of \z^ or 144, 
Is to the Area in Statute Acres ^ 
: : T'he Square of ii^ or iZJy 
So the Area in PVoodland Acres. 

2.^ 



5ro fdnduiff one Mbfun to anothit. 

z. If ym woUd reduce fVoodkni Acres to Statute 
oisesy itwillbe 

As the Square (f II y dr I2f, 
Is to the Area in tVoodland Acres ^ 
: : Ihe Square rf iZj (trt^y 
To the Area in Statute Acres. 

E X A Bf 1^ L ]£ f . 

A. R. P. 

In 206. 2. 12. Statute Nfcafurc^ how mudi of 
Woodland Meafure ? 

A. R. P. p. ^ 

206. 2. 12=33052 

P. P. 

P. A R. P. 

27773=^3-2. 13 Anfwer. 

Example II. ^ 4 

A. R. P. 

Ih 173. 2. 13 of Woodland Meafiifc, how 

many Statute Acres ? 

» 

A. R P. P. 

173. 2. 13=27773- 

P P. 

lii : 27773: : 144 : 33052 

P. A. R. P. 

!?3052=2o6. 2. 12 Anfwer. 

PROS, 



% reduciim Mf^s^pt to amher. ^n 

PRO S. TV. 

How so rtii^e Statute M^qfure to Qmrchkmd Mtqfurt^ 

and the contrary. 

Tlus k done J^y ^ ikme Proportions ufed Ear 
Statute and Plantation Meafure, the Length of tlie 
Perch of Churchland Meafure being the lame with 
the Plantation Perch. 

PROS. V. 

How to reduce Statute to Foreft Meafure^ and the 

contrary. 

Becaufe 5^ Yards or 11 half Yards make' a Sta- 
tute Perch, and 8 Yards of 1 6 half Yards a Perch 
of Fo^reft Meafure ; therefore x6 Perches of Sta- 
tute Meafure, will be equal i|;i ,Length to 1 1 Per- 
ches of Foreft Meafure ; and then, 

1. If you would reduce Statute Acres^ to thofi of Forefi 
Meafure^ it will be 

As the Square ofi6j or 256, 
Is to the Area in Statute Acres ^ 
sT : ^Squareof ij, tir azi, 
Jh the Area in Foreft Acres. 

2. If you would reduce Foreft Acres to Statute tOfes^St 
will he 

I* 

* m 

As the Square (f 11, or 121, 
Is to the Area in Foreft Acres ^ 
: : Ihe Square of 16^ or 256, 
^0 the Area in Statute Acres. 

In 



y*" .- 



31 a To reduce one M^afure td another. 

In 2CXD Statute Acres, how many Foreft ones ? 

A.' A» lx« A. 

256 : 200 : : 121 : 94. 2. 5 Anfwer. 

A. R. P. 

In 94. 2. 05. of Foreft Meafure, how many 
Statute Acres ? 

A. R. P. P. 

94. 2. 05=15125 

P. P. 

121 : 15125 : : 256 : 32000 

P, 
3 2000= 200 Acres. Anfwen 

PROS. VT, 

How to reduce Statute to Scotch Meafure^ and the 

contrary. 

The Englifli Perch being 55- Yards, or 5!, that 
is 33 fixths of a Yard ; and the Scotch one being 6\ 
Yards, or 37 Sixths of a Yard ; therefore 37 Sta- 
tute Perches are equal in Length to 33 Scotch Per- 
ches. And then, 

, I . If you would reduce Statute to Scots Acres y it 
will be 

As the Square (f 37, or 1369, 
Is to the Area in Englijb Acres ^ 
: : ^Square of 33, or 1089, 
To the Area in Scots Acres. 

2. If 



To reduce one Meafure to amtherl 312' 

2. If you would reduce &ots to Statute Acres it wiB 
he 

As the Square of ZZ^ or 1089, 
Is to the Area in Scots Acres ^ 
: : The Square of 37, orxo^^^y 
To the Area in EngUjb Acres. 

Example I. 
A. R. P. 

In 96. 3. 1 2. Statute Meafurc, how many 
Scx)ts Acres? 

A- R. P. P. 

96 • . 3 . \%^ 15493; 

' p. p. 

1369 : 15492 : : 1089 : 12325 

P. A. R. P. 

12323 = 77 : o ; 03 Anfwer; 

A. R. P. 

In 77 : : o : : 03 Scotdi Meafure, how many 
Statute Acres ? 

A. R. P. P. 

77; : o : :032s 12323 

P. P. 

1089 : : 12323 : : 1369 : 15492 

P. A. R. P. 

15492=96 : : 3 : ; 12 Anfwer; 

Ss Thre«. 
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Three very ufeful P ft o b l e m s. 



PR o B. I. 



N 



/[^ Map with^ its Area being given, and its Scale 
omittedy to be either drawn or mentioned -^ tojlndihe 
Scale. 



c 



A S T up th6 Map by any Scale whatfoever, 
and it will be. 



As the Area found - '. 

Is to the Square of the Scale by wfuchyou caft up . 
: ; *The given Arec^ of th^ A^ ' ^ 

^0 the Square of the Sc^e by which it was laid down. 

The Square Root of which will give tlie Scale. 

Example. 

A Map wfiofe Area is 126 A. 3R. 16P. bdng 
given ; and its Scale omitted to be either drawn or 
mentioned J to , find the Scale. 

'•' Suppofe this Map was caft up by a Scale of 20 
* Perches to an Inch, and the Content thereby produ- 
ced be 31 A, 2R. 34P. 

As 



« 



^Threevery ufeful Problems. 315 

As the Area found ^i ^. 2R. 34P.=5074P. 
Is to the Square of the Scale by which it was ^ 

caji upj that is to zo X 20= ^ S ^ 

: : "The given Area of the Map 126A. 3R. 16P. 

=20296?. 
To the Sjuare of the Scale by which it was laid down 

5074 : 400 : : 20296 : 1600 the Square of 
the required Scale. 

Root 
1 600(40 

r6 
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Anfwer. The Map was laid down by a Scale of 
40 Perches to an Inch. 

PROS. II. 

How to find the tnie Content of a Survey^ though 
it be taken by a Chain that is too long or too 
fhort. 

Let the Map be conftrudled, and its Area found 
a«. if the Chain was of a true Length. And it 
will be 

As the Square of the true Chain 

Is to the Content of the Map 

: : The Square of the Chain you furveyed by 

To the true Content of the Map. 

S 6 2 EXAM^ 
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2i6 0uree very ufiful Problem. 

• 

Example. 

If a Survey be taken with a Chain which ig 3 
Inches too long 5 or with one whofe Length is 
42 Feet 3 Inches, and the Map thereof be found 
to, contain 920A. £R. 2pP. Required the true 
Content, 

As the Square of 42 F. oin. =tke Sjuare of 504 

Inches=^2^/pi6 
Is to the Content of the Map 920 A. 2R. 2qP.= 

147 260P. 
: : Ihe Square of 42F. 3 In. ^ the Square of 507 ^ 

ArA^j= 257049 J 
Jo /A^ /r«f Content. 

P. P. 

254016 •. 147260 : : 2S1^A9 • 149^^5 

A, R. P. 

160)149019(931 . I . 19 Anfwer. 
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taken, as well as to find its Content ; and as you go 
round tlie Land to make a Note on the Side of your 
Field-Book at every Station where the Mearing of 
any particulai Field or Holding interfeds or .,meets 
the Surround ; then proceed from any one of thofe 
Stations, and in your Field-Book fay, proceed from 
fuch a Station^ and when you have gone round that 
Field or Divifion, infert the Station you clofe at, 
^nd fo through the whole ; a little PraAice can only 
render this* fufficiently familiar, and tlie Method of 
Protradion muft be evident from the Field Notes. 
When the whole is protrafted, and you are fatisfied 
of the Clofes of the particular Di vifions, call up each 
feverally, and if the Sum of their Contents be equal 
to tlie Content of the whole firft found, you may 
ikfely conclude that all is right. 

The Protra Aion being thus finiftied arui call up, 
transfer it on clean Paper, Vellum or Parchment, as 
before ; be carefpl to diraw your l^ines with a fine 
Pen, write on it the Names of the circumjacent 
Lands, andfet No. ij 2, 3, 4, £5?f. in every parti- 
cular Field or Divifion ; let every Tenant's particular 
Holding be diftinguiflied by a different coloured 
Paint being run finely along the Boundaries ; let 
all the Reads, Rivulets, Rivers, Bridges, Bogs, 
I-/)ughs, Houfcs, Caftlcs, Churches, Beacons (or 
whatever elCe may be remarkable ojn the Ground) 
be diilinguifhed on the Map. Write the Title of 
the Map in a neat Compartment either drawn, or 
done from a good Copper-Plate graving, with the 
Nobleman's or Gentleman's Arms. Prick off one of 
your Parallels with the Mrp, and on it make a Ma- 
ker's Compafs, and draw a Fhwer de Luce to the 
North, and this will reprefcnt the magnetical North, 
after which fet off the Variation, which exprefe in 
Figures, and througli the Center of the (jliompafs, 

let 



P RO B. m. 

How te Svide Landy or to take of anyghen Part from' 

a Map. 

Plate XII. Fig. I. 

Let ABCD, &?r. be a Map of Ground containing 
1 1 Acres, it is required to cut off a Piece as 
pEFGlD, that (hall contjdn 5 Acres. 

Join any two oppofite Stations as D and G, with 

the Line DG, (which you may nearly judge to be 

the Partition Line) and find the Area of the Part 

DEFG, which fuppofe may want 3R. 20P. of the 

Quantity you would cut off: Meafure the Line DG, 

which fuppofe to be 70 Perchei^. Divide 3R. 20P. 

or 140P. by 35, the ^ of DG, and the Quotient 4. 

will be a Perpendicular for ^ Triangle whole Bafe is 

70, and the Area 140P. Let HI be drawn parallel 

to DG, at the Diftance of the Perpendicular 4, and 

from 3 where it cuts the Mearing, dra\y a Line to 

D, and that Line DI will be the divifion Line ; or 

a Line from D to H will have the fame EfFed ; all 

which muft be evident frori> what has been already 

faid. 

Some necejjfary DireLlbns concerning Surveys in ge- 
neral. 

If you have a large Quantity of Ground to furvey, 
which confifts of many Fields or Holdings, and 
that it be required to map and give the re(pedtiyc 
Contents of the fame. It is beft to make a Survey 
of the Whole firft, and to be fiitisfied that it is truly 

taken* 
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taken, as well as to find its Content ; and asyoii go 
round the Land to make a Note on the Side of your 
Field-Book at every Station where the Meaning of 
any parliculai Field or Holding interfeds or ..meets 
the Surround ; then proceed from any one of thofe 
Stations, and in your Field-Book fay, proceed from 
fuch a Station^ and when you have gone round that 
Field or Divifion, infert the Station you clofe at, 
^ndfo through the whole ; a little Pradlice can only 
render this, fufficiently familiar, and the Method of 
t> Protradion muft be evident from the Field Notes. 
When the whole is protrafted, and you are fatisfied 
.of the Clofes of the particular Di vifions, call up each 
feverally, and if the Sum of their Contents be equal 
to tlie Content of the whole firft found, you may 
fafely conclude that all is right. 

The Protra Aion being thus finiftied arui call up, 
transfer it on clean Paper, Vellum or Parchment, as 
before ; be carejpl to draw your l^ines with a fine 
Pen, write on it the Names of the circumjacent 
Lands, andfet No. ij 2, 3, 4, ^c. in every parti- 
CLilar Field or Divifion ; let every Tenant's particular 
Holding be diftinguillied by a different coloured 
Paint being run finely along the Boundaries ; let 
all the Roads, Rivulets, Rivers, Bridges, Bogs, 
Loughs, Houfcs, Caftlcs, Churches, Beacons (or 
whatever elle may be remarkable ojn the Ground) 
be diiVmguiilied on the Map. Write the Title of 
the Map in a neat Compartment either drawn, or 
done from a good Copper-Plate graving, with the 
Nobleman's or Gentleman's Arms. Prick ofFone of 
your Parallels with the Mq:), and on it make a Ma- 
ker's Compafs, and draw a Mower de Luce to the 
Ivorth, and this will reprefcnt the magnetical North, 
after which fet off the Variation, which exprefs in 
Hgures, and througli the Center of the (jliompafs, 

let 
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let a true meridian Line be drawn of about 3 Inches 
long, by which write T'me Meridian, Let a Scale 
be drawn, or it is fufficient to exprefs the Number 
of Perches to an Inch, the Map was laid down by. 
Draw a Reference Table of three, or, if Occafion 
be, of four or more Columns *. In the firft infert the 
Number of the Field or Holding : In the next its 
Name, and by whom occupied : In the tliird the 
Quantity of Acres, Roods and Perches it contains : 
If you have unprofitable Land, as Bog or Moun- 
tain, let the Quantity be inferted in the fourth Co- 
lumn ; and, if it be required, you may make ano- 
ther Column for Statute Meafure, and then the Map 
is compleated. 

It has been ufual with Writers on this Subjeft to 
treat on the feveral Colours fit for Maps, and of 
the Manner of Walliing, Grinding and Mixing 
them ; but as fuch may be had^t many Druggifts 
Shops ready made up in Shells, much better than I 
can pretend to advife, I refer fuch as want, to apply 
to them. 



Nil 
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